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FOREWORD 
In the past five years the Goddard Space Flight 

Center has magnificently fulfilled its mission to be- 
come a symbol of the aims and dedication of my late 
husband, Robert H. Goddard. As an active division 
of the National Aeronautics and Space Administra- 
tion, the Goddard Center has already made many 
significant contributions to man’s knowledge of the 
upper atmosphere and outer space-the precise goals 
of my husband’s life. Through its televised tracking 
activities, the name of Goddard has become common- 
place in the American home. 

Like most scientists, my husband kept a careful and 
detailed account of his experiments and theories, with 
occasional summaries and forecasts. It is therefore 
most appropriate that the Goddard Space Flight 
Center pause, at  intervals, to sum up its activities, 
evaluate its successes, and plan for even more effective 
work in the future. 

At  the dedication of this Center, I remarked that 
my husband was an extremely happy man, doing what 
he most wanted to do, with adequate funds in opti- 
mum surroundings; and I expressed the hope that 
many of those who would work at the Goddard 
Center might be similarly blessed. I feel that this 
hope is being realized. I also called attention to the 
opportunities for “the straight thinker and the hard 
worker,” with the wish that the Center would attract 
such people, and keep them. This, too, has come to 
pass. With such personnel I have no doubt that this 
great living memorial will continue to play a vital 
role in the coming Space Age. 

ESTHER C. GODDARD 
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PREFACE 
The purpose of this preliminary historical rep& 

is to place between the two covers of a single, readily 
accessible volume, some of the origins, traditions, and 
highlights of the early years of the National Aero- 
nautics and Space Administration’s Goddard Space 
Flight Center. It is not intended to replace or to be 
a substitute for scientific reports and experimental 
results which are more fully dealt with in okher 
publications. The quick pace of the scientific con- 
quest of space dictates that we not ignore our progress 
or our accomplishments. 

At Goddard, we have attempted to link together, 
in close intellectual partnership, scientific disciplines 
heretofore considered Telatively dissimilar and self- 
sufficient. Here, physicist, astronomer, geodesist, 
mathematician, geologist, engineer, astrophysicist, 
and others together catalog and analyze the work- 
ings of the universe. 

The Goddard Space Flight Center is but one of 
several highly important and specialized segments 
engaged in scientific exploration of space for which 
the National Aeronautics and Space Adminisbration 
was created. From the beginning, Goddard Space 
Flight Center inherited the great scientific tradition 
and operational experience from other groups and 
individuals who already had achieved scientific and 
professional distinction in the fields of rocket devel- 
opment and space exploration. Thus, the basic roots 
of the Center’s experience and capabilities extend 
much farther back than does its own history as an 
organizational entity. 

HARRY J. GOETT 
Director 
Goddard Space Flight Center 
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INTRODUCTION 
The first Goddard Space Flight Center historical 

report is preliminary in nature but provides a launch- 
ing pad for a full and accurate historical record 
tomorrow. Without the contributionr, of busy history 
makers, the task of the historian is impossible. 
Primarily historical documents, a GSFC chronology, 
and a bibliography are included as appendixes. 

This volume is, therefore, a mosaic of what was 
considered to be reliable information, gleaned from 
many sources. In preparing this volume, valuable 
assistance and advice have been received from num- 
erous officials at the National Aeronautics and 
Space Administration Headquarters-particularly 
Dr. Eugene M. Emme, NASA Historian, and his as- 
sociates and Mr. T. E. Jenkins, NASA Management 
Reports Director, formerly of the Goddard Space 
Flight Center-and from the entire Center staff. 
Without the considerate support from virtually every 
element of the agency, the preparation of this docu- 
ment would have been an almost impossible task. 
Any comments, suggestions, or corrections of facts 
are sincerely invited. 

, ALFRED ROSENTHAL t lJ 
l Histo?&?% 

Goddard Xpace Flight Center 
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P a r t  I 

HISTORICAL ORIGINS OF THE GQDDARD SPACE FLIGHT 
CENTER 

No single thing abides; but all things $ow. 
Fragment to fragment clings - - the things thus grow 
Until we know them and name them. 
They melt, and are no more the things we know. 

By degrees 

-Hallock 



Dr. Goddard at work on his rocket in hw shop at Roswell, New Mexico, October 1935. 



C h a p t e r  1 

FROM ROBERT H. GODDARD TO THE INTERNATIONAL 
GEOPHYSICAL YEAR 

The historical traditions of the Goddard 
Space Flight Center have antecedents in a 
period long before America’s awakening to the 
Space Age. Named in honor of Dr. Robert H. 
Goddard, the NASA Center continues in the 
scientific tradition of this New England scien- 
tist, who has been recognized as the “Father of 
American Rocketry’? and as one of the pioneers 
in the theoretical exploration of space. 

Dr. Goddard was one of those rare combina- 
tions occasionally appearing in the history of 
science and technology ; he was a theoretical 
scientist and a practical and exacting engineer, 
but he was also a dreamer who was considerably 
ahead of his time. His particular dream was 
the conquest of the upper atmosphere and ulti- 
mately the void of space through the use of 
rocket propulsion. To the fulfillment of this 
dream, Dr. Goddard devoted his talents, his 
energies, and his life. He had the drive and 
single-mindedness also found today among 
those who are probing the innermost secrets of 
space. 

THE LIFE OF DR. GODDARD” 

Robert Hutchings Goddard was born in 
Worcester, Massachusetts, on October 5, 1882. 
Childhood illnesses prevented the young boy 
from expressing his energy in the usual aimless 
manner. As a consequence, he developed his 
imagination and read voraciously. He was 
greatly influenced when he read H. G. Wells’ 
War of the WorZds. An acquaintance with the 
works of Jules Verne also stimulated his imagi- 

Verne’s F ~ o m  the Earth to the Moon to include 
a rocket launch instead of a cannon.+ 

A germ of his later work might be seen in his 
effort in the spring of 1898 to construct a hy- 
drogen filled balloon made of thin aluminum. 
Although it was too heavy to fly, Goddard was 
not discouraged, and he turned his attention to 
such other things as “how birds fly” (which also 
interested two young brothers named Wright, 
in Ohio) and the marvels of electricity. This 
was the situation when, on the afternoon of 
October 19, 1899, he found himself high in a 
cherry tree, assigned the duty of clipping its 
dead limbs. It was, he said, “one of those quiet, 
colorful afternoons of sheer beauty which we 
have in October in New England . . . as I looked 
toward the fields to the east, I imagined how 
wonderful it would be to make some device 
which had even the possibility of ascending to 
Mars, and how it would look on a small scale 
if sent up from the meadow at my feet . . . I was 
a different boy when I descended the ladder. 
Life now had a purpose for me.” 2 

The young Robert Goddard began to con- 
struct models of his own design and devoted 
himself, in high school, to the study of physics 
and mathematics. By the time he graduated, 
he had, he said, “a set of models which would 
not work and a number of suggestions which, 
from the physics I had learned, I knew were 

7 Hagemann, E. R., “Goddard and His Early Rockets : 
1882-1930,” Journal of the Astronautical 8Oience8, 
Vol. 8, No. 2, Summer 1961, p. 51-52; Thomas, S., 
“Robert H. Goddard,” Yen of &ace, 4 vols., Chilton 

1963. 

Vol. 4, No. 4, Part 1 of 2 parts, April 1959, p. 27. 
*For further references see the attached bibliog- $ Goddard, R. H., “An Autwbiography,” AetrorzaWtic8, 

raphy, p. 6. 
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T H E  E A R L Y  Y E A R S  

erroneous.” He gathered up all his models and 
his carefully catalogued notes and burned 
them.* 

“But the dream would not go down,” wrote 
Dr. Goddard in later years, “and inside of two 
months I once again caught myself making 
notes of further suggestions, for even though 
I reasoned with myself that the thing was im- 
possible, there was something inside me which 
simply would not stop working.’’ As early as 
1909, Goddard conceived the multiple-stage 
rocket, the general theory of hydrogen and 
oxygen propulsion, and the use of planes for 
guidance.* 

By this time, Goddard had graduated from 
Worcester Polytechnic Institute with a B.S., 
holding high honors in physics and mathemat- 
ics. All through college the young scientist 
had been absorbed by his obsession with pro- 
pulsion. Near the end of his senior year, he 
filled the basement of the WPI Physics Build- 
ing with smoke, the result of a static test of a 
small rocket.+ 

The years between graduation from WPI and 
1919 were full and arduous ones for Goddard. 
He stayed on at the Worcester Tech as an in- 
structor in physics while doing graduate work 
at Clark University, where he received his A.M. 
in 1910 and his Ph. D. in physics in 1911. He 
then spent a year at  Clark as an honorary fel- 
low in physics, where he worked on various 
rocketry methods. In  1912 he went to Princeton 
as a research fellow and worked on electTical 
theory (the subject of his Ph. D. dissertation) 
during the day and on rocket propulsion theory 
during the evenings. Illness during 1913-1914 
prevented him from teachiqg but did not hinder 
his speculations on rocketry. In fact. during 
his convalescence Dr. Goddard laid the founda- 
tions for two patents, received in July 1914, 
which developed his idea of a multi-stage rocket 
and liquid propellants. 

In the autumn of 1914, Dr. Goddard returned 
to Clark.University as an instructor and began 
his basic work on rocketry, which led to the 

*Goddard, p. 27. 
+Emme, E. M., “Yesterday’s Dream . . . Today’s 

Reality ; A Biographical Sketch of the American Rocket 
Pioneer, Dr. Robert H. Goddard,” The Airpower Hi.8- 
torian, October 1960, p. 218. 

now famous 1919 Smithsonian publication. It 
was during this period that he proved his 
theory, by static laboratory test, that a rocket 
would perform in a vacuum and was therefore 
capable of operating in space. By the middle of 
1916, he had reached the limit of what he could 
accomplish on his own funds. He wrote up his 
experiments, entitled the manuscript “A Method 
of Reaching Extreme Altitudes,” and sent it to 
three organizations which he thought might be 
interested enough to aid him financially. The 
only encouraging reply he received was from 
the Smithsonian Institution, which asked for 
further details. This was in December 1916. 
After receiving the Smithsonian’s commenda- 
tion for his work, Dr. Goddard requested $5000 
to continue his experiments. It was granted, 
and the next letter from Washington contained 
an advance of $1000.f 

Thus began, in January 1917, the years of 
experimentation which Dr. Goddard continued 
unceasingly for the remainder of his life. When 
the United States entered World War I in 1917, 
he volunteered to direct his rocket research to- 
ward ends which might prove useful to the 
military. This work led to the development of 
a prototype of the World War I1 “bazooka”; 
however, the war ended five days after he dem- 
onstrated it. During World War 11, Dr. God- 
dard’s invention was “dusted off” by his col- 
league, Dr. Clarence N. Hickman, and was 
perfected to provide the American soldier with 
the first effective hand weapon against the 
tank.§ 

After returning to Clark in 1919, Dr. God- 
dard persuaded the Smithsonian to publish his 
revised “Method of Reaching Extreme Alti- 
tudes”-a rather dry and factual report of his 
experiments over the preceding several years, 
designed to show the Smithsonian where its 
money was going. It was released on January 
11,1920, as Smithsonian Miscellaneous Publica- 

a rocket such as the 



F R O M  R O B E R T  H. G O D D A R D  T O  T H E  I N T E R N A T I O N A L  G E O P H Y S I C A L  Y E A R  

one he was designing might be used to hit the 
moon. The newspapers picked up the story and 
portrayed him as a crackpot. This adverse pub- 
licity had a deep and lasting effect on Dr. God- 
dard. From that day forward, he rarely spoke 
of anything which might pertain to space flight, 
and he avoided publicity for himself and his 
work. In  private, however, he continued to 
speculate on the possibilities of the rocket in 
space, on methods of navigating in space, and 
on the potentialities of a solar-powered engine. 
All of this he kept locked away in a cabinet in 
a folder marked “Formulae for Silvering 
Mirrors.”* 

In  the early 1920’s Dr. Goddard began his 
pioneering experimentation with liquid-fuel 
propulsion. He had considered the idea of a 
hydrogen and oxygen fuel supply as early as 
1909. After several experiments he discovered 
that oxygen and gasoline made the most prac- 
tical fuel, and the first static test of liquid-fuel 
propulsion was made on November 1, 1923. 
After overcoming numerous problems with the 
apparatus, the fuel pumps in particular, he was 
ready to try again. On March 16, 1926, Pro- 
fessor Goddmd, his wife Esther, and two as- 
sistants drove to “Aunt Effie” Ward’s farm near 
Auburn, Massachusetts, and prepared his rocket 
for launch. Ignition was accomplished by a 
blowtorch attached to a pole. The rocket rose 
from the ground, traveled a distance of 184 feet, 
reached a speed of 60 miles per hour, and stayed 
in the air for 2v2 seconds. It was the first liquid- 
fuel rocket flight in the world, an event com- 
parable to Kitty Hawk in its significance. Not 
a word reached a newspaper.+ 

Dr. Goddard continued his experiments at  
Auburn until July 17, 1929, when he launched 
a scientific payload of a barometer, a thermom- 
eter, and a camera. On that date a successful 
launch resulted in someone’s mistaking the 
rocket for an airplane in flames, which caused 
the State Fire Marshal to forbid Goddard to 
conduct any more tests in Massachusetts. The 
Smithsonian thereafter succeeded in persuading 
the Army to allow him to launch his rockets on 
Federal property at  Camp Devens; but as a 

* k h a n ,  p. 150; Hagemann, pp. 54-56. 
t Hagemann, p. 57 ; Emme, p. 219. 

precaution against fires he could experiment 
only after a rain or a snowfall. However, the 
“moon-rocket man” publicity from this affair 
brought Goddard an unexpected windfall. Up 
to this time he had been relying on the relatively 
small but steady grants from the Smithsonian 
for the necessary financial assistance. Charles 
A. Lindbergh, who was at the height of his pop- 
ularity, read the unfavorable press accounts of 
Goddard’s work. He visited Dr. Goddard and 
was impressed with him. Lindbergh took God- 
dard’s cause to Daniel and Harry Guggenheim. 
Subsequently the Daniel and Florence Guggen- 
heim Foundation began to supply him with 
money for his experiments. Between 1929 and 
1941, Dr. Goddard received over $150,000 from 
this s0urce.x 

The first Guggenheim grant of $25,000 a- 
abled Dr. Goddard tQ leave Massachusetts for 
a more suitable testing ground. He moved his 
work to Roswell, New Mexico, which was to be 
his headquarters for the,remaining fifteen years 
of his life. All through the 1930’s Dr. Goddard 
and his small staff worked at Roswell, improv- 
ing his rockets and their components. While 
there, he devised and patented a gyroscopic con- 
trol for rockets and an ingenious system for 
cooling the combustion chamber, called “curtain 
cooling,” in which,the fuel of the rocket acted 
as the cooling agent. “There was never so much 
invention with so little manpower,” remarked 
one of Dr. Goddard’s mechanics.§ 

When war broke out in Europe in 1939, Dr. 
Goddard visited the U.S. War Department and 
tried to interest the military in his work, but 
nothing tangible resulted. When the United 
States became involved in 1941, the Navy and 
the Army Air Corps asked him to work for 
them, not to develop his rocket as an offensive 
or defensive missile but merely to develop a jet- 
assist takeoff (JATO) device for launching air- 
planes from short runways or aircraft carriers. 
Dr. Goddard’s repeated efforts to convince the 
American military of the wartime potential of 
the rocket were to no avail. So it happened 
that JATO and the revived 1918 “bazooka” 

$ Emme, pp. 219-220. 
f Goddard, R. H., “Rocket Development ; Liquid-Fuel 

Rocket Research, 1929-41,” (New Pork : Prentice-Hall, 
1948). 
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T H E  E A R L Y  Y E A R S  

were the major contributions which this genius 
made to the American war effurt.* 

The Germans, however, had not neglected 
their rocket technicians since 1931, as had the 
Americans. By 1944, German V-2 ballistic 
rockets began to fall on Britain. The Allies 
were startled at  the progress of German rock- 
etry. When details of the V-2 reached Annap- 
olis, where Dr. Goddard was working in the 
Navy’s research laboratories, he noted the sim- 
ilarity between the German missile and his own 
liquid-fuel rocket. Although the 51/2-ton V-2 
was much larger than anything that Dr. God- 
dard had ever constructed, the two rockets were 
almost identical in basic design. Out of this 
similarity arose a controversy over the extent 
to which the Germans had worked from God- 
dmd’s designs.? 

In  Baltimore, in 1945, Dr. Goddard was oper- 
ated on for throat cancer. His lungs, weakened 

*Emme, p. 220; Lehman, p. 152. 
t Emme, p. 220, Lehman, pp. 147,152. 

Dr. Goddard and colleagues holding the rocket used in the flight of April 19, 1932. They are, from left to right, 
L. Manmr, A. Kisk, C. Mansur, Dr. R. H. Goddard, and N. L. Jungquist. 
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from an earlier attack of tuberculosis, gave out 
and the American rocket pioneer died on Au- 
gust 10, 1945. His passing went practically 
unnoticed except among his faithful small 
group of family and friends.$ 

THE GODDARD LEGACY 

Robert Hutchings Goddard was as responsi- 
ble for the dawning of the Space Age as were 
the Wrights for the beginning of the Air Age. 
Yet his work attracted little serious attention 
during his lifetime. When the United States 
began to prepare for the conquest of space in 
the 1950’s, American rocket scientists began to 
recognize the enormity of the debt which their 
science owed to the New England professor. 
They discovered that it was virtually impossi- 
ble to construct a rocket or launch a satellite 
without acknowledging the work of Dr. God- 
dard. This great. legacy was covered by more 

$ Lehman, p. 152. 



F R O M  ROBERT H. G O D D A R D  T O  T H E  

Dr. Robert H. Goddard and colleagues at R m e l l ,  
New Mexico. Successful test of May 19, 1937. Dr. 
Goddard i@ holding the cap and pilot parachute, 
parts of the successful operation. 

than 200 patents, many of which were issued 
after his death. 

Belated honors have begun to pour upon the 
name of Robert Goddard in recent years.” On 
September 16, 1959, the Congress of the United 
States authorized the issuance of a gold medal 
in his honor. The Smithsonian Institution, 
long familiar with his work, awarded him its 
coveted Langley Medal, in honor of his discov- 
eries in rocketry, on June 28,1960. 

On May 1,1959, the National Aeronautics and 
Space Administration named its new Space 
Flight Center at Greenbelt, Maryland, the 
Goddard Space Flight (3enter.t It is hardly 
a coincidence or accident that his name has been 
chosen to inspire the work being done by the 
Goddard staff of scientists and engineers en- 
gaged in the exploration of space. It is perhaps 
one of the most fitting of the many belated 
honors which have come to the name of God- 
dard, because it established a Center which is 
continuing the fulfillment of the dream the 

I N T E R N A T I O N A L  G E O P H Y S I C A L  Y E A R  

young Goddard conceived at the turn of the 
century. 

The essense of his philosophy, as he expressed 
in his high school oration, serves as the motto 
of the Goddard Space Flight Center : 

“It is difficult to say what is impos- 
sible, fo r  the dream of yesterday is the 
hope of today and the reality of to- 
morrow.” 

Dr. Goddard at work on his rocket in his shop at 
Roswell, New Mexico, October 1935. 

GODDARD’S HISTORIC FIRSTS 

Robert H. Goddard’s basic contributions to 
rocketry and space flight make up a lengthy list. 
As such, it is an eloquent testimonial to his life- 
time of work in establishing and demonstrating 
the fundamental principles of rocket propulsion. 

First explored mathematically the practical- 
ity of using rocket propulsion to reach high 
altitudes and to shoot to the moon (1912) 

First received a U.S. patent on the idea of 
a multi-stage rocket (1914) 

First proved, by actual static test, that a 
rocket will work in a vacuum, that it needs * See end of this chapter for a list of these honors. 

t The Center was formally dedicated as the Godda 
Space Flight Center on March 16,1961. no air to push against (1915-16) 
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First developed suitable pumps for rocket 
fuels (1923) 

First developed and fired a liquid-fuel rocket 
(March 16,1926) 

First shot a scientific payload (a barometer, 
a thermometer, and a camera) in a rocket 
flight (1929) 

First used vanes in the rocket motor blast for 
guidance (1932) 

First developed gyro control apparatus for 
rocket flight (1932) 

First fired a liquid-fuel rocket faster than the 
speed of sound (1935) 

Fir& launched successfully a rocket with a 
motor pivoted in gimbals controlled by a 
gyro mechanism (1937) 

BlBLlOGRAPHlCAL NOTES 

A full-scale biography of Dr. Goddard will 
appear in the fall of 1963. This Eigh Man, by 
Milton Lehman, has been written largely from 
Dr. Goddard’s papers and probably will prove 
to be definitive. Mrs. Goddard is also editing, 
for publication by the McGraw-Hill Co., her 
husband’s notebooks, correspondence, and 
papers prior to their desposition in the Library 
of Congress. The following is a partial bib- 
liography of works which are either by or about 
Dr. Goddard or which touch on the pioneer 
history of rocketry : 

Boushey, Brig. General H. A., “Vignettes of Dr. 
Robert H. Goddard,” address at 3rd Annual God- 
dard Memorial Dinner, Washington, D.C., Feb- 
ruary 17,1960. 

Edson, J. B., and Snodgrass, R. J., “Prelude to Mis- 
silery,” Ordnance (July-August 1958), pp. 67-70. 

Emme, E. M., “Yesterday’s Dream . . . Today’s Re- 
ality; A Biographical Sketch of The American 
Rocket Pioneer, Dr. Robert H. Goddard,” NASA 
Historical Report No. 2, published in The Airpower 
Historian, October 1960. 

Gartmann, H., “The Men Behind the Space Rockets,” 
(New Pork : McKay, 1956). Contains biography 
of Goddard. 

Glennan, T. K., “The Nation’s Program in Space 
Exploration,” speech at the Economic Club, 
Worcester, Mass., February 15, 1960. 

Goddard, R. H., “A Method of Reaching Extreme 
Altitudes,” Smithsonian Miscenaneous Publication 
N O.  2540 (1919) ; reprinted by the American Rocket 
Society (1946). 

Goddard, R. H., “Liquid-Propellant Rocket Develop- 
ment,” Smithsonian Miscellaneous Publication No. 
3.981 (March 1936) ; reprinted by the American 
Rocket Society (1946), and in The Air P m e r  His- 
t d a n ,  Vol. V (July 19581, pp. 152-60. 

Goddard, R. H., “Rocket Development : Liquid Fuel 
Rocket Research, 1929-1941,” edited by E. C. God- 
dard and G. E. Pendray (New Pork: Prentice- 
Hall, 1948). 

Goddard, R. H., “An Autobiography,” Astronautics 
(April 1959), pp. 24-27, 106-109, written in 1927. 

Goddard, Mrs. R. H., “Account of Dr. Goddard’s 
Work, 1917-18,” in The CongressionaZ Record, 
September 9,1959, p. 87904. 

Goddard, Mrs. R. H., and Pendray, G. E., “Bio- 
graphical Data: Dr. Robert H. Goddard,” re- 
printed in The Congressional Record, May 6,1960, 
pp. 83932-33. 

Hagemann, E. R., “Goddard and His Early Rockets : 
1882-1930,” Journal of the Astronazctical Sciences, 
Summer 1961, pp. 51-59. 

Lehman, M., “The Strange Story of Doctor God- 
dard,” Reader’s Digest (November 1955), pp. 147- 
52. 

Lehman, M., “This High Man,” to be published in the 
Fall of 1963. 

Ley, Wills, “Rockets, Missiles, and Bpace Travel,’’ 
(New Pork : Viking, 1951). 

Oberth, H., “From My Life,” Astronazctics (June 
1959), pp. 38-39,lOOf. 

Pendray, 6. E., “The Coming Age of Rocket Power,” 
(New Pork : Harper’s, 1945). A book reviewed by 
Dr. Goddard before publication. 

Pendray, 6. E., “Pioneer Rocket Development in the 
United States,” Technology and Culture, Vol. 4, 
No. 4, Fall of 1963. 

Schuessler, R., “How America Muffed Space Suprem- 
acy,” American. Mercury (May 1960), pp. 25-30. 
Review of Dr. Goddard’s life. 

“Settlement of Goddard Patent Claim,” NASA Re- 
lease 60-289, Bug. 5,1960. 

Southwick, A. B., “The Memorial Which Dr. God- 
dard Would Have Liked Best of All,” Worcester 
Egening Gazette, May 9, 1958, reprinted in The 
Congressional Record, September 9, 1959, p. 
87904. 

Thomas, S., “Robert H. Goddard,” Men of  Bpace, 4 
Vols., (Philadelphia ; Chilton Co., 1960), Vol 1, 
pp. 23-46. 

Trent, N., ‘‘Early Days in Rocketry,” Christian S& 
ence Monitor, July 24,1963. 

Tsiolkovskii, K. E., “An Autobiography,” translated 
by A. N. Petroff, Astronuutics (May 1959), pp. 48- 
49, 63-64. Excerpt from autobiography published 
in 1931. 

Von Braun, W., “Tribute to Goddard,” Astronccutios 
(June 1959), pp. 36,82. 

Williams, B., and Epstein, S., “The Rocket Pioneers,” 
(New Pork : Messner, 1955). Contains biography 
of Dr. Goddard. 
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ROBERT H. GODDARD EXHIBITS AND 
MEMORIALS 

Exhibits 
National Air Museum, Smithsonian Institution, Wash- 

ington, D.C.-Exhibit of the four complete extant 
Goddard rockets, made in 1926,1935,1938, and 1941 ; 
also some rocket parts, an  oil portrait of Dr. God- 
dard, and a few personal memorabilia. Probably 
the best Goddard exhibit in the U.S. 

Institute of the Aerospace Sciences, New York City- 
Goddard collection of early rocket literature, one of 
the best in the U.S. The Institute had, from 1950 to 
1959, an exhibit of numerous devices and parts de- 
veloped and used by Dr. Goddard from 1918-1945, 
which is on long-term loan to the Roswell Museum, 
Roswell, New Mexico. 

Roswell Museum, Roswell, New Mexic-Largest ex- 
hibit of parts of Goddard rockets, housed in the 
Goddard Wing of museum (dedicated April 25, 
1959), including piping, drawings, murals of life-size 
photographs of four Smithsonian rockets, etc. 

On the grounds of the museum is the launching 
tower used by Dr. Goddard, with a copy of the 1940 
rocket in it. His observation tower is also on the 
grounds. 

Clark Unhersity, Physics Department, Worcester, 
Mass.-Small, but good collection of Clark-owned 
rocket parts, with additional items given by Mrs. 
Goddard. Also life-size photos, used as murals, of 
the four Smithsonian-held rockets, and bronze tablet 
at entrance to Physics Building, a gift of the Class 
of 1959. 

Worcester Polytechnic Institute, Worcester, Mass.- 
Small collection of solid-propellant rockets, some of 
which were developed in WPI building and grounds. 
Also set of four murals of life-size Smithsonian 
rockets. 

Memorials and Awards 

Robert H. Goddard Professorships, at  Guggenheim Jet  
Propulsion Centers, at Princeton University and the 
California Institute of Technology, established by 
The Daniel and Florence Guggenheim Foundation. 

Goddard Award, given by the American Rocket Society 
annually to the missile worker selected by its Direct- 
ors as having made the greatest contribution to 
rocket development during the year ; the oldest award 
in the missile field. 

Goddard Athletic Field, White Sands Proving Ground, 
New Mexico. 

Goddard Oual, a t  Allegany Ballistics Laboratory, Cum- 
berland, Maryland. 

Goddard House, guest house for visiting dignitaries at 
Redstone Arsenal, Huntsville, Alabama. 

Goddard Power Plant, multimillion dollar plant at the 
Naval Proving Ground, Indian Head, Maryland, in 
memory of Dr. Goddard’s work there in 1920-1922. 

cathedral of the Pines, Rindge, N.H.-Piece of petrified 
wood, used by Dr. Goddard as paper weight in New 

Mexico, imbedded in lectern. Gift of Mrs. Goddard, 
who is a trustee of the Cathedral. 

WPI 1908-Goddard Memorhl Fund-Established by 
the Class of 1908 of Worcester Polytechnic Institute 
in June 1958; income to be used for prize or scholar- 
ship. 

Hill Transportation Award, of the Institute of the 
Aerospace Sciences.-Carrying $5000 and citation, 
accepted for Dr. Goddard by Nrs. Goddard at the 
annual dinner of IAS, January 1959. 

Golden RepliGa of 1916 Goddard Rocket-Accepted for 
Dr. Goddard by Mrs. Goddard at the Missile Industry 
Conference at Washington, D.C., June 1958. Now 
on view at the Goddard Space Flight Center, Green- 
belt, Md. 

Goddard Trophy and Goddard Scholarship-Given an- 
nually at the Goddard Memorial Dinner of the Na- 
tional Missile Industry Conference at Washington, 
D.C., sponsored by the National Rocket Club. 

Air Force Academy Goddard Award, Colorado-Estab- 
lished by the American Ordnance Association, to the 
cadet with the highest standing in mathematics in 
each graduating class. 

Langley MedadDr.  Goddard was the ninth recipient 
of this coveted medal from the Regents of the Smith- 
sonian Institution at Washington, D.C. Presented to 
Mrs. Goddard at Washington, June 28, 1960. 

American Rocket Society Goddard YemoriaLGranite 
marker a t  site of the first flight of a liquid-propellant 
rocket, March 16, 1926, at Auburn, Mass., with a 
granite tablet beside road nearby, explaining signifi- 
cance of the marker. Dedicated July 13, 1960. 

Congressional MedadPresented posthumously to Dr. 
Goddard on March 16, 1961, at the dedication of the 
Goddard Space Flight Center, Greenbelt, Md. 

NASA Goddard Space Flight Center-Complex of new 
buildings of the National Aeronautics and Space 
Administration a t  Greenbelt, Md., dedicated March 
16, 1961. 

Goddard Institute for Space Studies, extension in New 
York City of the Goddard Space Flight Center, 
established Jan. 1961. 

Goddard Alumni Award-Established by the alumni of 
Worcester Polytechnic Institute, to be awarded an- 
nually to an outstanding alumnus, June 1961. 

Robert H. Goddard Sqw.adron-Air Force Association, 
Vandenberg Air Force Base, California, 1961. 

Robert H. Goddard Industrial Center, Worcester, 
Mass.-Dedicated June 19, 1961. 

Goddard Science Symposium of the American h t r o -  
nautical Society--,4nnually on March 16, at Wash- 
ington, D.C. 

Robert H. Goddard Historical Essay Competition of 
the National Rocket Club-Prize of $200 and trophy 
awarded annually for the best essay on the historical 
development of rocketry and astronautics, March 
1962. 

Goddard Prize of the Massachusetts Delta Chapter, 
Sigma Alpha Epsilon, at Worcester Polytechnic Insti- 
tute-Given semiannually for improvement in 
scholarship, Fall 1961. 
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Goddard Avenue--The main street at Malmstrom Air 
Force Base, Montana, dedicated in July 1962. 

Robert H. Goddard Boulevcurd-The Valley Forge 
Space Technology Center of the General Electric 

1962. 
Robert H. Goddard Achievement Award-In Civil Air 

Patrol Cadet Aerospace Education and Training 
Program, National Headquarters, Ellington Air Mexico---Under construction, 1963. 
Force Base, Texas. 

Robert H. Goddard MemoriadTower and rocket at 
Fort Devens, Mass., at the site of the Goddard test- 
ing tower, 1%~-1@0. 

Robert H .  Goddard Jumw High School 202, s15 
Dedicated in May 1963. 

Forge, dedicated October 12, sutkr Ave., Ozone park, N.y. (in Queens, near In- 
ternational Aiirport)-opens 

Robert H. CfMdWd Benior High School; RosweU, New 
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Chapter 2 

FROM PROJECT VANGUARD TO THE GODDARD 
FLIGHT CENTER 

After World War 11, interest in rocket tech- 
nology gradually developed in the United 
States. This was partially due to a growing 
awareness of Dr. Goddard’s experiments, but 
more important was the impact which the Ger- 
man V-2 rocket had made on American military 
and scientific circles during the war. At the 
end of the war, a number of these rockets fell 
into U.S. hands and were brought to the United 
States, where their potential was quickly real- 
ized. Scientists recognized them to be of great 
value in high-altitude research, while military 
considerations aroused the interest of the Army. 

THE UNITED STATES V-2 PROGRAM 

In  January 1946, the U.S. Army announced 
that a firing program for these V-2 rockets 
would begin later that year at White Sands, 
New Mexico. Governmental agencies and sev- 
eral universities were invited to consider using 
the V-2’s for high-altitude research and ex- 
perimentation. From this developed the in- 
formal “V-2 Upper Atmospheric Research 
Panel.” Some of the results of the U.S. V-2 
program were obtained by the Naval Research 
Laboratory’s upper atmospheric research 
group, which consisted largely of the same 
people who were to transfer to NASA a decade 
or so later-Dr. Homer E. Newell, Milton W. 
Rosen, Dr. John W. Townsend, Leopold Wink- 
ler, Daniel 6. Mazur, and others.* 

The first V-2 to be used in the sounding rocket 
research program was launched in June 1946. 
In  the next six years, over 60 were launched. 
They pioneered atmospheric soundings to an 
altitude of about 100 miles. An entire series of 

*Statement of Mr. T. E. Jenkins, formerly Admin- 
istrative Officer of the Beltsville Space Center, July 15, 
1963. 

SPACE 

I 

measurements of high-energy particle radiation, 
found at high altitudes but absorbed at lower 
levels, was made. The work was scientifically 
promising, but inevitably the supply of German 
V-2 rockets became depleted. Thus it became 
necessary to develop an American source for 
the same or a similar type of sounding r0cket.t 

The first of these rockets was the Aerobee, 
designed by the Applied Physics Laboratory 
of Johns Hopkins University. It was capable 
of carrying a small payload to an altitude of 
about 80 miles. In  1947, the Naval Research 
Laboratory, in Washington, D.C., proposed the 
construction of a rocket which would replace 
the V-2 in the American sounding rocket pro- 
gram. This missile, at first called Neptune but 
later identified as Viking, was smaller than the 
V-2 but more powerful. It could lift a larger 
payload to a height of about 150 miles with a 
high order of stability. In  the six years between 
1949 and 1955, twelve of these rockets were 
launched, carrying payloads of more than 800 
pounds as high as 158 miles. None attained the 
hoped-for altitude but new records were estab- 
lished and valuable scientific information was 
gained.$ 

EARLY US. SATELLITE PROPOSALS 

Although the main emphasis in these years 
was on the development of an improved rocket- 
powered vehicle, a germinal program was initi- 
ated in the field of earth satellites. The U.S. 
Navy’s Bureau of Aeronautics was one of the 
first government organizations to initiate a 
satellite study program. I n  October 1945, a 
committee of the Bureau of Aeronautics rec- 

+Hagen, J. P., “The Viking and the Vanguard,” 
TechnoZogy and Culture, Vol. 4, No. 4, Fall 1963, p. 42. 

$Hagen, p. 43. 
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ommended that an earth satellite program be 
undertaken for scientific purposes. The Aerojet 
Corporation and the California Institute of 
Technology were given the task of determining 
whether such a project was technically feasible 
using the single-stage rocket vehicle which the 
Navy had proposed.* 

I n  March 1946, the Navy took its proposal 
to the Army Air Force for the purpose of sug- 
gesting a joint satellite program. Although the 
first effort at such a program appeared prom- 
ising, the Air Force soon informed the Navy 
that they could not cooperate. I n  the mean- 
time, the Air Force had gone to Project RAND 
(later to become the RAND Corporation) and 
requested that they begin a satellite feasibility 
study. RAND drew up a proposal for the Air 
Force entitled “Preliminary Design of an Ex- 
perimental World-Circling Spaceship.” The 
RAND proposal ruled out the satellite as a mil- 
itary weapon because no rocket could be con- 
structed which could lift the heavy A-bomb 
into orbit and no explosive force short of an 
atomic one would inflict enough damage to 
warrant the expense of putting it into orbit. 
The problem was not one of capability (it was 
assumed that the U.S. could launch a 500-pound 
satellite by 1951) but rather one of devising a 
useful function for the satellite to perform 
once it was in orbit. Because a satellite was 
not a potential weapon, there were no funds 
available for its development. t 

The RAND-Air Force proposal, like its 
Navy counterpart, urged the early adoption of 
a satellite program for scientific purposes. 
They argued for its capabilities in the fields of 
meteorology, communications, and astronomy. 
In  October 1946, RAND issued an additional 
study entitled “The Time Factor in The Satel- 
lite Program,” in which they emphasized the 
propaganda and political factors which would 
result from a U.S. satellite launch. Even this 
was insufficient to overcome the factor that the 
satellite was not a potential weapon. 

*Hall, R. C., “Early U.S. Satellite Proposals,” Tech- 
nology and CuZture, Vol. 4, No. 4, Fall 1963, pp. 23-27. 
This essay was the winning essay of the Robert H. 
Goddard Historical Essay Competition for 1962, spon- 
sored by the National Rocket Club of Washington, D.C. 

t Hall, pp. 28-33. 

When the Department of Defense (DOD) 
was created in 1947, none of the three military 
services was authorized to continue develop- 
ment of a rocket with satellite capability. The 
Air Force discontinued its satellite studies in 
mid-1947 but did resume them in 1949. By that 
time, the Navy had discontinued its studies be- 
cause of lack of funds. Early in 1948, DOD 
reviewed the existing satellite proposals but 
again concluded that “neither the Navy nor 
the USAF has as yet established either a mili- 
tary or a scientific utility commensurate with 
the presently expected cost of a satellite ve- 
hicle.” The work was so neglected at DOD 
that, in November 1954, the Secretary of De- 
fense could remark that he knew of no Amer- 
ican satellite program.: 

The RAND Corporation proved to be pro- 
phetic in its prediction of the great psycholog- 
ical-propaganda impact of a satellite launch. 
They had emphasized, as early as 1946, that 
a satellite would be an “instrument of political 
strategy.” When the Soviet Union launched 
Sputnik I in October 1957, it had exactly the 
impact that RAND had said it would have- 
only in reverse. It was the United States which 
did the soul-seeking and suffered the disdain 
of world opinion. It was only after this 1957 
propaganda defeat that the U.S. Government 
fully understood the great significance of these 
early satellite studies.§ Yet, at the time of 
the first Sputniks, there actually was a satel- 
lite program in the United States. 

THE INTERNATIONAL GEOPHYSICAL YEAR 

While rocket development and satellite pro- 
posals were proceeding within the military, an 
important boost was given to the scientific ap- 
plication of rocket technology. By 1951, the 
American Rocket Society had grown to a point 
where its voice could be heard. I n  the winter 
of that year, Commander Robert Truax, who 
had been championing rocket propulsion in the 
Navy, strongly and bluntly told the members 
at their annual meeting that they were too com- 
placent in their attitude toward space flight, 
that time was catching up with them, and that 

$ Hall, pp. 35-37. 
3 Hall, pp. 4041. 
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the time for definite action had come. As a 
consequence of this meeting, the American 
Rocket Society formed the Ad Hoc Committee 
on Space Flight. 

I n  1954, this committee proposed that the 
government sponsor the building of a small 
scientific satellite and use available military 
hardware to launch it. This proposal was sub- 
mitted to Dr. Alan Waterman of the National 
Science Foundation, which adopted it. The 
International Scientific Committee of the Na- 
tional Science Foundation, in making plans for 
the International Geophysical Year (IGY) , 
recommended that the launch of small scientific 
satellites be considered by individual groups 
preparing their own programs for the IGY. 
The United States National Committee for the 
IGY also formed a group to study the possi- 
bility of having an earth satellite launched as 
part of the U.S. program. Interest in satellite 
projects had also revived among the military, 
and the Army and the Navy had embarked in 
early 1955 on a joint program (Project Orbiter) 
to launch an elementary, uninstrumented satel- 
lite in two or three years. 

It was in 1954 that the International Geo- 
physical Year (1957-1958) was proposed. That 
summer, the International Scientific Radio 
Union and the International Union of Geodesy 
and Geophysics adopted resolutions calling for 
the launch of an artificial earth satellite during 
the forthcoming IGY. Both the United States 
and the Soviet Union picked up this proposal. 
On July 29, 1955, the White House announced 
that the United States would launch “small, 
unmanned, earth-circling satellites as a part 
of the U.S. participation in IGY.” The next 
day the Soviet Union made a similar announce- 
ment.* 

THE VANGUARD PROJECT 

This announcement of the proposed satellite 
launchings was the product of coordinated ef- 
forts within the National Academy of Sciences, 
(NAS) , the National Science Foundation, 
(NSF) , and the Department of Defense. The 
announcement stated that NAS would deter- 
mine the experiments to be orbited, NSF would 

*Emme, E.  F. “Aeronautics and Aatronauttca, 1915- 
1960,” NASA, Washington, D.C., 1961, p. 78. 

supply the necessary funds, and DOD would 
launch the satellite. A Committee on Special 
Capabilities was established inside DOD to de- 
termine the means for launching the U.S. satel- 
lite. This group, under the direction of Homer 
J. Stewart, had three proposals from which to 
select. One proposal was based on the as-yet- 
incomplete Atlas missile, one on the Army’s 
Redstone, and one on the Navy’s Viking. The 
Navy proposal was based on research under- 
taken by the Naval Research Laboratory 
(NRL) and the Martin Company, builders of 
the Viking, on a multistage rocket; in essence 
it would use the Viking as a first stage, the 
Aerobee as a second stage, and an as ye6 unde- 
termined rocket as a third stage. After lengthy 
deliberation, the Stewart committee recom- 
mended the NRL proposal in August 1955. The 
recommendation was accepted and endorsed by 
the Policy Committee of DOD. A program 
under Navy management and DOD monitoring 
was established and designated as “Project Van- 
guard.” The objectives of this Navy program 
were : 

1. To develop and procure a satellite- 
launching vehicle. 

2. To place at least one satellite in orbit 
during IGY. 

3. To accomplish one scientific experiment 
with the satellite. 

4. To track the satellite’s flight to demon- 
strate that it had actually attained orbit. 

The basic features of the NRL proposal, later 

1. The first stage was to be based on the 
Viking rocket, which had been developed 
by the Navy to replace the dwindling 
supply of captured V-2’s. 

2. The second stage was to be an improved 
Aerobee rocket. 

3. The third stage was to be a solid-fuel 
rocket weighing about 500 pounds, there- 
by necessitating a real advance in the 
existing solid-f uel rocket technology. 

4. On top of this vehicle would be placed a 
nose cone weighing 20 pounds, including 
the scientific experiment to be orbited. 

On September 9,1955, Project Vanguard was 
officially authorized when the Department of 
Defense notified the Secretary of the Navy to 

Project Vanguard, were as follows: 
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Project Vanguard Staff. 
Members of the Project Vanguard staff meet with Dr. John P. Hagen Director of Project Vanguard at the U.S. Naval 

Research Laboratory Washington D.C. Left to right : Dr. J. N. Siry,’Head of the Theory and Analysis Staff; Mr. D. G. 
Mazur Manager of the Vanguard’ Operations Group a t  Cape Canaveral Florida. Mr. J. M. Bridger Head of the Vehicle 
Branch. Cdr. W. E Berg Navy Program 0 5 c e r .  Dr. Hagen. Dr. J. P.’ Walsh beputy Project Director ; Mr. M. W. Rosen, 
Technical Director ; Mr. J.’T. Mengel Head of the ’Tracking and Guidance B r a n d .  and Dr. H. E. Newell, Jr., Science Program 
Coordinator. Nr. L. Winkler, EnginAring Consultant, was not present when this’picture was taken. 

proceed with the project. Two years, six 
months, and eight days later (March 1’7, 1958) 
the first successful Vanguard satellite was 
launched.* 

At NRL, a special task force, headed by Dr. 
John P. Hagen, was assembled to handle the 
Vanguard program. I n  a letter to the Navy 
Department, this group clarified its definition of 
what Project Vanguard really would be: “a 
complete system for space exploration.” They 
had a difficult task before them. I n  addition to 
the rocket technology involved, they had to 
place a reliable scientific experiment into orbit 
and not only prove that it was in orbit but 
gather data from the satellite via telemetry. 
This had never been done before.+ 

Dr. Hagen’s NRL team had mountains of 
problems to overcome. One difficulty might be 
used for illustration. At the Martin Company, 
which NRL had selected to build the Vanguard 
missile, the original Viking engineering team 
had been broken up. Further, unknown to the 
Navy, the Martin Company had received a 
prime contract from the Air Force to develop 
the second-generation ICBM, Titan. Some of 
the leading Viking engineers already had been 
placed on this project. This was, as Dr. Hagen 
noted, “a shock, as we had cleared our intentions 

*Hagen, pp. 43-45. 
f Hagen, p. 45. 

with the DOD before letting our letter of in- 
tent.” The Navy stuck with the Martin Com- 
pany, but “things could have been much easier 
for the Vanguard group if the original Viking 
team of Martin had remained intact.”+ 

While the Navy was busy preparing the 
launch vehicle, the National Academy of Sci- 
ences established a technical panel, under its 
IGY committee, to select the experiments to be 
launched. The Vanguard group, through the 
liaison of Homer E. Newell, insisted on only one 
requirement for each experiment : that it must 
have a very high reliability of performance and 
must be tested thoroughly to prove this reli- 
ability. 

The National Academy of Sciences requested 
the Vanguard group to make the satellite 
spherical in shape; in fact, a 30-inch sphere was 
requested. This caused some *difficulty, as it 
originally had been planned that Vanguard 
would orbit merely a simple nose cone. The 
Vanguard group agreed that they could change 
their design to launch a 20-inch sphere, but this 
would require a complete redesign of the second 
stage, which would have to have a largw diam- 
eter. Therefore, in the fall of 1955, a redesign 
of the Vanguard vehicle was undertaken to ful- 
fill the new requirements.$ 

$Hagen, p. 46. 
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By March 1956, the redesign of the Vanguard 
rocket was completed and a full schedule of six 
test vehicles and seven satellite-launching vehi- 
cles was prepared. As prime contractor for the 
launch vehicle the Martin Company was con- 
structing the first stage; Aerojet Corporation 
received a subcontr,act for the second stage; and 
the Grand Central Rocket Company and the 
Allegany Ballistics Laboratory were each build- 
ing separate third stages based on different de- 
signs. Two major problems remained to be 
solved : choosing a launch site, and constructing 
the necessary tracking system.“ 

With the rocket power then attainable, it was 
virtually mandatory that the satellite be 
launched eastward in order to gain, rather than 
lose, the earth’s rotational velocity of some 1300 
feet/second (about 1000 mph). An eastward 
launching could be made only from the east 
coast, lest the spent rocket stages fall on inhab- 
ited areas. This ruled out the otherwise most 
natural launch site, White Sands, New Mexico, 
where the Viking launch facilities were avail- 
able. The best available site was Cape Canav- 
eral, Florida, which then was being expanded to 
accommodate the testing of large, liquid-fuel 
ballistic missiles. The only other serious “com- 
petitor” was Roosevelt Roads in Puerto Rim. 
Cape Canaveral was selected for many reasons, 
the main one being financial. However, a num- 
ber of problems arose from this selection. When 
the Navy requested that the Army share its 
facilities at  the Cape with the Vanguard oper- 
ation, the Army refused on the grounds that it 
would interfere with the Redstone program and 
thus be detrimental to the nation’s ballistic mis- 
sile program. It was then decided that the 
Navy would construct its own blockhouse and 
launch pad at Cape Canaveral. This was an 
18-month program but was still within the lim- 
ited time remaining to complete launch during 
IGY. Additional down-range facilities also 
had to be constructed because the Vanguard 
rocket, unlike the Army’s ballistic missile of 
that day, was a multistage affair requiring com- 
mand and control points as far away as a thou- 
sand miles from the launch site. Even a gantry 
(service tower) was unavailable; the Vanguard 
group had to disassemble the Viking gantry at 

White Sands, transport it to the Cape, and 
reassemble it there. By the time of the first 
launch, the Navy’s Vanguard group had con- 
structed the nation’s first complete satellite 
launch facility, almost from the ground up.t 

Tracking facilities proved to be a problem. 
Two types’ of tracking were necessary: elec- 
tronic, and optical. The electronic tracking 
system necessitated a series of ground stations 
equipped with radio transmitting and receiving 
equipment, radar facilities, and data-acquisition 
(telemetry) equipment. These facilities had to 
be constructed before the launch could take 
place and had to be located all over the world 
to provide the complete coverage considered 
necessary. A contract was awarded to the Ben- 
dix Corporation to construct this system, which 
later became known as Minitrack (for Minimum 
Weight Tracking, because it required only the 
simplest and lightest transmitter in the satel- 
lite). A system of optical tracking stations was 
established and managed by the Smithsonian 
Astrophysical Observatory. Tying all this to- 
gether was a communications network with the 
center at the Naval Research Laboratory, Wash- 
ington, D.C.1 

The twelve Vikings had been built and fired 
in the normal mume of NRL’s upper atmos- 
phere research. Viking 13 was at White Sands 
awaiting preparation for launch when the Navy 
was given the Vanguard mission, Viking 14 
was modified by adding an ejectable sphere and 
by adding a solid-fuel second stage to test its 
ignition and separation at altitude. This ve- 
hicle was designated as Test Vehicle l (TV-l). 
It was then decided to use Viking 13 to check 
out the new launch facilities at Cape Canaveral. 
To make this the first of the Vanguard series 
and to eliminate confusion resulting from any 
need to renumber all the vehicle designations, 
Viking 13 was placed ahead of the rest of the 
planned series and designated Test Vehicle 0 

On December 8,1956, TV-0 was successfully 
launched at Cape Canaveral. It reached an 
altitude of 126 miles and dropped into the ocean 
183 miles away. TV-1 was launched on May 1, 

W-0) -9 

~~ 

t Hagen, pp. 47-48. 
$ Hagen, pp. 48-49. 
3 Hagen, pp. 49-50. *Hagen, p. 46. 
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1957 ; this was a redesigned rocket and the only 
one of its kind flown. The first stage was the 
Viking 14; the second stage (which was actu- 
ally the Vanguard third stage) ignited, sep- 
arated successfully, and flew 450 miles farther, 
carrying a heavy instrumented nose cone. 
A milestone had been reached; a solid-fuel 
upper stage had been ignited in flight, and the 
feasibility of the Vanguard rocket had been 
proven. 

I n  July 1957, an important change was made 
in the Vanguard program; NLR directed that 
Vanguard replace the instrument test packages 
previously flown on its test vehicles with small 
(6-inch) sahllite spheres. Emphasis was 
changing from the testing of launch vehicles 
to the launching of satellites. This alteration 
was not made on TV-2 (%he first of the true 

Vanguard first stages) ; this rocket was already 
on the launch stand going through prelaunch 
checkout when, on October 4, it was announced 
that the Soviet Union had launched an earth 
satellite.* 

AFTER SPUTNIK 

The launch of Sputnik I caused a great deal 
of turmoil in the United States. Great pressure 
was exerted on the Vanguard team to get a 
satellite into orbit. The launch of TV-2 on 
October 23, 1957, appeared to be anticlimactic, 
but it was the first successful launch of the com- 
plete Vanguard configuration and flight test 
of the fir&-stage engine. On December 6, an 
attempt was made to launch TV-3 ; this was the 

*Hagen, p. 50. 

Vanguard technicians mate Vanguard I satellite to rocket for its mccewful flight on March 17, 195s. 
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first test of the complete vehicle and control sys- 
tem and was the first Vanguard rocket with 
potential orbital capabilities. The first-&age 
engine lost thrust after 2 seconds (its first and 
only failure), and the vehicle burned up on the 
launching pad. Because of the impact of Sput- 
nik and because the White House had announced 
prematurely that Project Vanguard would 
launch a satellite in the near future, news of 
this failure went around the world. The launch 
of the first U.S. satellite, Explorer I, on Jan- 
uary 31,1958, by the Army and the breakup of 
the TV-3 backup vehicle on February 5, after 
1 minute of flight, brought more unkind com- 
ments abodt the first U.S. sateIlite program.* 

Vanguard I liftoff, March 17, 1958. 

On March 17, 1958, TV-4 successfully 
launched Vanguard I, a 6-inch sphere weighing 
only 4 pounds. Although this was iar  from 
the h a 1  objective of a 20-pound instrumented 
satellite, the confidence which had been placed 
in the Vanguard project was justified. The 
launch of TV-4 confirmed the merit of the Van- 

*Hagen, pp. 50-51. 
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guard rocket design, and illustrated that the 
Vanguard group had developed into a well- 
integrated professional and technical team. 
Three other Vanguard rockets were launched 
before the Vanguard team was transferred from 
NRL to the newly created civilian space agency, 
NASA. The first (SLV-1) , launched May 27, 
1958, generally was successful except for a sec- 
ond-stage burnout; in the second (SLV-2), 
launched June 26, 1958, the second stage cuf; 
off prematurely ; the third (SLV-3), launched 
September 26, 1958, reached an altitude of 265 
miles. 

VANGUARD AND NASA 

The launch of Sputnik I in the fall of 1957 
had been a real jolt to the complacency of the 
American people. In  true American tradition, 
a great clamor went up as to why the Soviet 
Union was ahead of the U.S., who was to blame 
for the situation, and what was to be done about 
it. The people engaged in existing satellite 
programs had a difficult time explaining that 
their best efforts had been hampered by limita- 
tions over which they had no control. How- 
ever, the end results of the new “space conscious- 
ness” were very beneficial, since there developed 
a general realization that the American effort 
had to be greatly expanded and financially 

About six months after the launch of the 
first Sputnik, the President’s Science Advisory 
Committee and the President’s Advisorg Com- 
mititee on Governmental Organization recom- 
mended the establishment of a civilian agency 
to direct nonmilitary space activity. Prbsident 
Eisenhower delivered a message to Congress 
on April 2, 1958, which stated ‘that “aeronauti- 
cal and space science activities sponsored by 
the United Skates should be conducted under 
the direction of a civilian agency except for 
those projects primarily associated with mili- 
tary requirements.” As a result of this mes- 
sage and a clear public demand for such action, 
Public Law 85-568, the National Aeronautics 
and Space Act, was enacted and signed by the 
President on July 29, 1958. This law estab- 
lished the National Aeronautics and Space 
Administration and gave the new agency the 
responsibility for conducting the scientific ex- 
ploration of space for peaceful purposes. The 

supported. 
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law also gave the President the authority to VANGUARD HELPED SHAPE THE FUTURE 
transfer NASA “any funotion of any other 
department or agency of the United States, or 
of any officer or organizational entity thereof, 
which relate primarily to the functions, powers, 
and duties of . . . NASA.” This new agency, 
NASA, opened its doors on October 1, 1958. 
Project Vanguard was transferred to NASA, 
along with other DOD space projects.* 

Vanguard 111, launched September 18, 1959. 

The Vanguard project was continued under 
the direction of NASA. Vanguard I1 (SLV- 
4), launched on February 17,1959, was the first 
full-scale (21-pound) Vanguard payload to 
achieve orbit. It was also the first satellite 
designed to observe and record the cloud cover 
of the earth and was a forerunner of the Tiros 
weather satellites. Vanguard I11 (SLV-7) , 
launched on September 18, 1959, was a 20-inch 
sphere weighing about 50 pounds. 

*Emme, E. M., “Historical Origins of NASA,” NASA 
Historical Report No. 6, NASA, Washington, DE., 1962, 
pp. 1-3. 

As it happened, Vanguard I was not des- 
tined to be the first U.S. satellite. However, 
its contributions to the U.S. space effort were 
great indeed. The Vanguard program pro- 
duced a basic concept of launch vehicles, 
including the remarkably reliable Dslh. 
Vanguard pioneered the use of advanced state- 
of-the-ad techniques, including the first utili- 
zation of solar cells as a power source, which 
have become commonplace components of 
American satellitm. The scientific experiments 
which were flown on the Vanguard satellites 
increased the amount of scientific knowledge 
of space and opened the way for more sophisti- 
cated experiments. 

Perhaps the most significant achievement of 
Project Vanguard was the bringing together of 
a group of dedicated and talented scientists and 
engineers who came to understand thoroughly 
the complexities and challenges of the space 
sciences program. This team was assimilated 
into the National Aeronautics and Space Ad- 
ministration, where it became the human core 
of the Goddard Space Flight Center and served 
as the foundation for the distinguished space 
sciences programs which emerged from this 
Center. t 

Two interesting sidelights to the Vanguard 
project may serve to illustrate both the diffi- 
culties of the program and its successes. Proj- 
ect Vanguard was accomplished without a 
specific appropriation from the U.S. Congress. 
All of the funds came from the Secretary of 
Defense’s Emergency Fund. Only after Sput- 
nik I had been launched and the Vanguard 
project had reached its final stages of comple- 
tion dHd Congress authorize the Secretary of 
Defense to make available additional funds for 
the attainment of the Vanguard objectives by 
reprogramming the Defense Budget. The total 
Vanguard project cost $110 million. Finally, 
on the fifth anniversary of its launching (March 
17, 1963), Vanguard I was still transmjtting 
and was the only satellite launched before 1959 
that was yet in orbit. Vanguard I had made 
19,700 orbits and now has an estimated lifetime 
of 2000 years. 

f Hagen, pp. 51-53. 

16 



C h a p t e r  3 

ESTABLISHMENT OF THE GODDARD SPACE FLIGHT 
CENTER 

On September 25, 1958, Dr. T. Keith Glen- 
nan, Administrator, in a proclamation pub- 
lished in the Federal Register* announced the 
activation of the National Aeronautics and 
Space Administration (NASA) to be effective 
October 1, 1958. The approximately 8000 
people and five laboratories of the 43-year-old 
National Advisory Committee for Aeronautics 
(NACA) were to be assimilated into the new 
agency. NACA’s facilities would then become 
NASA’s facilities, including Wallops Island 
(Va.) Station and four research centers : Lang- 
ley Research Center (Hampton, Va.), Lewis 
Research Center (Cleveland, Ohio), Ames Re- 
search Center (Moffett Field, Calif.), and the 
Flight Research Center (Edwards Air Force 
Base, Calif.). 

On October 1,1958, an executive order of the 
President (EO 10783) t effected the transfer to 
the National Aeronautics and Space Adminis- 
tration of the responsibilities involving several 
space research projects, including the Navy’s 
Vanguard project. 

By this executive order, 15’7 Project Van- 
guard personnel were transferred from the 
US. Naval Research Laboratory to the Na- 
tional Aeronautics and Space Aclministration.1 
The transfer became effective on November 30, 
1958, and this group became known as the 
NASA-Vanguard Division. I n  December 1958, 
this group was organically transferred from the 
Naval Research Laboratory to the Space 
Science Division of NASA. During December 
1958 and January 1959, 15 people from the 
Naval Research Laboratory were transferred to 
the Theoretical Division of NASA. Early in 

*Appendix D, Exhibit 2. 
?Appendix D, Exhibits 3 and 4. 
$Appendix D, Exhibit 5. 

1959, these elements were designated by NASA 
Headquarters to serve as the nucleus of a new 
Space Projects Center. Its staff was housed at 
the Naval Research Laboratory, Washington, 
D.C., and at the Colemont Building, Silver 
Spring, Md. 

This group was thus composed of some of the 
most experienced men who had been engaged in 
space research. I t  included upper atmosphere 
scientific research teams and scientists and en- 
gineers from all three military services, the 
Project Mercury (manned satellite) team culled 
from the experienced staff of the former NACA 
laboratories, and the Navy’s Project Vanguard 
staff. These groups gave immediate, mature 
capabilities in many vital areas of space flight 
research and development, since each was a 
“going concern” when the transfer was made. 
From these and other groups, the initial team 
of senior personnel, around which was built the 
organization for the new Space Center, was 
assembled. 

THE NEW BELTSVILLE SPACE CENTER 

On January 15,1959, by action of the NASA 
Administrator,§ four divisions (Construction 
Division, Space Sciences Division, Theoretical 
Division, and the Vanguard Division) of 
NASA mere designated as the new Beltsville 
Space Center. 

On January 22, 1959,Il a NASA General 
Notice announced the establishment of the 
Beltsville Space Center to be operated under 
the direction of the Director of Space Flight 
Development, NASA Headquarters, Dr. Abe 
Silverstein. 

$ Appendix D, Exhibit 6. 
11 Appendix D, Exhibit 7. 



T H E  E A R L Y  Y E A R S  

I n  a meeting held on February 12, 1959, for BELTSVILLE BECOMES GODDARD 
I 

the purpose of surveying the organization and 
functions of the Beltsville Space Center,” it 
was generally agreed that the Center probably 
would perform five major interrelated functions 
on behalf of NASA: 

Project management 
Research 
Development and fabrication 
Advanced planning 
Operations 

Some of the assignments, active or to become 
active within the next 18 months, were : 

8cience Program 
155 Science rockets of various types 
30 Satellites 
15 Probes 

Application Satellites 
Communications and meteorological, six or 

Geodetic-undetermined number of satellites 
Other Vanguard Division follow-on programs 

Project Xercury 
Phase I 
Phase I1 

VehicZes and Engines 

seven vehicles 

v%a 
Centaur 
Thor-Vanguard (Thor-Delta ) 
Juno V (1.5-Meg bundle) 
Nova (1.6-Meg engine, currently known as 1.0- 

Global Range and Operations 
Meg engine) 

Space communications and trading 
Operational telemetering 

On May 1, 1959, the Beltsville Space Center 
was renamed the Goddard Space Flight Center. 
On this date, T. Keith Glennan, NASA Ad- 
ministrator, in a public release, formally an- 
nounced that the new center would be named 
the Goddard Space Flight Center “in cum- 
memoration of Dr. Robert H. Goddard, Ameri- 
can pioneer in rocket research.” The Center 
would be under the overall guidance of the Di- 
rector of Space Flight Development at  NASA 
Headquarters. 

Ranges-Wallops Island, Atlantic Missile Dr. Robert H. Goddard. 
Range, Pacific Missile Range 

It was determined further that existing 
groups at the Division level had capabilities in 
the following areas: 

Space sciences 
Vehicle systems 
Theoretical research and support 
Instrumentation support 
Payload systems 
Data handling and techniques 
Communications and tracking 
Operation 

*See Appendix D, Exhibits 8 and 9. 

The organization of Goddard Space Flight 
Center (GSFC) was to include a director, not 
yet appointed; three major research and de- 
velopment groups, each headed by an assistant 
director ; and business administration and tech- 
nical services departments. 

I n  the announcement, John W. Townsend, 
who was Chief of NASA’s Space Sciences Divi- 
sion and who earlier had served as Chief of the 
Rocket Sonde Branch of the Naval Research 
Laboratory, was named Assistant Director for 
Space Science and Satellite Applications. John 
T. Mengel, who was responsible for the develop- 
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ment of the Project Vanguard Minitrack system 
used fm satellite tracking, was named Assistant 
Director for Tracking and Data Systems. 
Robert R. Gilruth, who had been Chief of the 
Pilotless Aircraft Research Division, Langley 
Research Center, was named Assistant Director 
for Manned Satellites. The three Assistant Di- 
rectors reported to the Dicrector of Space Flight 
Development, NASA Headquarters, Dr. Abe 
Silverstein. The announcement also stated that 
the Office of Business Administration would be 
headed by Dr. Michael J. Vaccaro, transferring 
from the NASA Lewis Research Center, Cleve- 
land, Ohio, where he had served as Director of 
Organization and Personnel. This was the first 
formal announcement of the Goddard organiza- 
tion, mission, and appointment of key person- 
nel.* 

Listed here, in brief form, are the responsi- 
bilities assigned to GSFC : 

Conducting advanced planning and theo- 
retical studies 

Conducting necessary supporting research 
Developing payloads for approved pro- 

Supervising GSFC flight operations 
Supervising tracking, h t a  acquisition, 

communications, and computing opera- 
tions 

grams 

Interpreting results of flight programs 
Furnishing technical management of proj - 

Exercising procurement and contract ad- 

Providing support of space program ac- 

Reporting status of approved programs 
Providing administrative and management 

With the new space agency specifically re- 
sponsible for activities in space devoted to 
peaceful purposes, the question arose 4as to 
which space programs initiated by the Depart- 
ment of Defense under its Advanced Research 
Projects Agency should be continued by NASA. 
Spacecraft and meteorological satellites had 
been developed by the Army Signal Corps’ Re- 
search and Development Laboratory, Fort 

ects 

ministration authority 

tivities of other organizations 

support 

*Appendix D, Exhibits 10 through 14. 

Monmouth, New Jersey ; the vehicle develop- 
ment had been under the Army’s Ballistic Mis- 
siles Command. Upon transfer of the mete- 
orological program to NASA, the mission was 
assigned to the Goddard Space Flight Center. 
The space communications program also had 
been a project of the military. Initially the 
satellite communications program utilized the 
passive balloon technique with experiments con- 
ducted by the Army Signal Corps at Fort Mon- 
mouth and at NACA’s Langley laboratory. 
With creation of NASA and the establishment 
of the Goddard Space Flight Center, communi- 
cations projects also were assigned to the new 
center. 

I n  September 1959, Dr. Harry J. Goett was 
named Director of the Goddard Sp$ace Flight 
Center. He came to the Center from the Ames 
Research Center, Moffett Field, Calif., where 
he had been Chief of the Full Scale and Flight 
Research Division. 

I n  October 1959, Leopold Winkler, who had 
joined NASA when the Vanguard program was 
transferred, assumed the position of GSFC 
Chief of Technical Services. 

Somewhat interesting is the early fiscal his- 
tory of the Center. The executive order trans- 
ferring the Project Vanguard to NASA also 
transferred remaining project funds totaling 
approximately $6 million plus about $300,000 
earmarked for special equipment ordered 
earlier by the Navy’s Vanguard staff. These 
funds became available to the newly established 
Center, as were certain moneys which had been 
appropriated to NACA. However, these funds 
were inadequate to meet the Center’s needs. 
Since the Independent Offices Appropriations 
Bill already had cleared the U.S. House of Rep- 
resentatives, the Bureau of the Budget author- 
ized the budget request to be included in the 
1959 Independent Offices Appropriations Bill 
as a supplemental item while the bill was being 
considered by the U.S. Senate. Tbe item was 
subsequently considered by the House-Senate 
Conference Committee without further referral 
to the House. 

The fiscal year 1960 budget without the 
Manned Space Flight Program totaled some- 
what less than $100 million (the manned flight 
program was about $140 million, giving a total 
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budget for the Center of about $240 million). 
The program mushroomed again in fiscal year 
1961 to about $160 million (an additional $140 
million was designated for the manned space 
missions). The Center’s program for fiscal 
year 1962 came to about $250 million; that for 
the fiscal year 1963 was expected to total about 
$400 million. 

Contractual operations, which became a vital 
and integral part of Goddard’s business opera- 
tions, were handled for the Center by NASA 
Headquarters during the early period of its de- 
velopment. 

As previously indicated, NASA’s Manned 
Space Flight Program was an integral part 
of the Goddard mission. For this mission, the 
Center had the talent and technical capabilities 
from the early Vanguard days, including a 
worldwide Minitrack network. However, in 
view of increasing emphasis in the areas of sci- 
entific and application satellite projects and 
the recognition that the Manned Space Flight 
Program demanded a separate organization, 
that mission was transferred as of January 1, 
1961. The Center retained its responsibilities 
in connection with the Project Mercury track- 
ing network. As a result of this transfer of 
responsibilities, approximately 840 people left 
the Goddard staff to form the nucleus of what 
later became NASA’s Manned Spacecraft Cen- 
ter, located near Houston, Texas.” 

Meanwhile, on April 24, 1959, construction 
of the new space laboratory began on a site 
located on a 550-acre tract formerly part of the 
U.S. Department of Agriculture’s Agricultural 
Research Center at  Beltsville, Md. By Sep- 
tember 1960, Building 1 was fully occupied and 
other buildings were well underway. Although 
much of the occupancy was on a temporary 
basis and the personnel complement was widely 
scattered from Anacostia, D.C., to Silver 
Spring, Md., and points between, the Goddard 
Space Flight Center became a physical reality. 

THE DEDICATION 

On February 8,1961, Dr. Harry J. Goett, the 
Director, announced dedication ceremonies to 
be held on March 16, 1961. A committee with 

* Grimwood, J., “Project Mercury-Chronology,” 
NASA SP4001, Septemnber 1963. 

Dr. Michael J. Vaccaro as Chairman and Robert 
C. Baumann as Co-Chairman plaimed the dedi- 
cation ceremonies. 

The dedication ceremonies included an open- 
ing address by Center Director Dr. Harry J. 
Goett, and a welcoming address by the Hon. 
James E. Webb, Administrator, National Aero- 
nautics and Space Administration. The event 
also marked the presentation of a Congressional 
Medal awarded posthumously to Dr. Goddard, 
which was accepted by his widow ; the presenta- 
tion was made by Representative Overton 
Brooks, Chairman, Committee on Space and 
Astronautics, U.S. House of Representatives. 

Dr. Goett, in his opening address, acknowl- 
edged the contributions made by many in the 
audience toward the creation of the Center. 

The Hon. James E. Webb in his welcoming 
address expressed his pleasure for the presence 
of Mrs. Goddard and prominent officials and in- 
terested friends. 

I n  presenting the Congressional Medal, Rep- 
resentative Brooks said, “From the Congress of 
which I am Chairman of the House Com- 
mittee on Space and Aeronautics, we present 
this medal, but truly it comes not from the Con- 
gress of the United States but from the 
heart . . . of the American people as a whole.” 
Senator Robert S. Kerr, Chairman of the Com- 
mittee on Aeronautical and Space Sciences of 
the U.S. Senate, was unable to be present but 
sent the following message to Mrs. Goddard: 
“Mrs. Goddard, I am more than honored to have 
the opportunity of joining my good friend, 
Overton Brooks, in presenting to you this Con- 
gressional Medal in recognition of the creative 
achievements of your late husband. It was just 
35 years ago today that he launched tbe world’s 
first successful liquid fuel rocket and it is most 
appropriate that we make this presentation on 
this auspicious anniversary. It is only through 
the genius of a man like Dr. Goddard, who was 
not afraid to work for what he believed in, that 
we shall maintain the spirit and vitality that 
has made our Country great. This medal, au- 
thorized by Congress on behalf of all the people, 
is but a small token from a grateful nation.” 

Dr. Hugh L. Dryden, Deputy Administrator, 
National Aeronautics and Space Administra- 
tion, introduced Dr. Detlev W. Bronk, Presi- 
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Dedication Ceremony, March 16, 1961. 

711-534 0 - 64 - 3 21 

Dr. Bronk said in part : “There are two quota- 
tions I would like to repeat. The one appro- 
priate to the Mission of this institution, the 
other with regard to the man we honor. The 
first is from Louis Pasteur, speaking at a time 
when his beloved country was not doing well, 
‘Oh, my Country,’ said he, ‘You who so long 
held the sceptre of thought, why did you neglect 
your noblest creations? Take interest, I be- 
seech you, in those sacred institutions which we 
designate under the expressive name of Labora- 
tories. Demand that they be multiplied and 
adorned for they are the temples of wealth and 
of the future. There it is that humanity grows, 
becomes stronger and better . . . it learns to 
read in the work of nature symbols of progress 
with universal harmony,’ and from Pliny the 
Younger, ‘It is a noble employment to save from 
oblivion those who deserve to be remembered’.” 

Dignitaries and guests attending the Center’s 
dedication. 

dent, National Academy of Sciences, who made 
the dedication address. 
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A bronze bust of Dr. Robert C. Goddard was 
unveiled by his wife, Mrs. Esther C. Goddard, 
assisted by Dr. Abe Silverstein, NASA Direc- 
tor of Space Flight Programs. The bust was 
created by the Washington sculptor, Joseph 
Anthony Atchison, noted for his creative work 
in the Shrine of the Immaculate Conception in 
Washington, the World Flight Memorial for 
the Smithsonian Institution, and the Second 
Inaugural Medal of Franklin D. Roosevelt. 

Responding to the recognition paid her late 
husband, Mrs. Goddard remarked : “I hope that 
this bust and the man it represents will serve as 
an inspiration not only to the brilliant and dedi- 
cated people who are now at work at this tre- 
mendous Space Flight Center but to all who 
may work here in years to come. My husband 
would be deeply proud and happy for this very 
great tribute.” 

Joseph Anthony Atchison at work on the bust of the 
late Dr. Robert H. Goddard. 

The invocation at the dedication ceremony 
was given by the Rev. Kennekh B. Wyatt of 
the Greenbelt Community Church, and the 
benediction at the ceremony’s close by the Rev. 

Victor J. Dowgiallo, Pastor of St. Hugh’s 
Church, Greenbelt. 

The music was furnished by the University 
of Maryland Band, directed by Mr. Hugh 
Henderson. 

Tours of the Center were conducted for in- 
vited guests, and “open house” was held for 
employees and their families. Included was a 
Control Room demonstration with simulation 
of a pre-rocket-launch and countdown pro- 
cedures, followed by a simulated satellite in- 
jection into orbit. 

Lectures reviewed the Center’s operation of 
global satellite networks, including Minitrack 
and Project Mercury. The cooperative role of 
the Center in the international exploration of 
space was explained. Guests saw an animated 
miniature tracking station and a scale model 
of the forthcoming U.S.D.K. spacecraft, Ariel 
I, the first international satellite to be flown 
under Goddard project direction. 

There were also displays of spacecraft instru- 
mentation and Goddard’s family of sounding 
rockets, including an Aerobee 150A with a new 
attitude control system. 

Other models on display included the Tiros 
weather satellites ; Explorer X, the magnetom- 
eter (or radiation-counting) spacecraft; the 
Energetic Particles Satellite ; Explorer VI11 ; 
and Vanguard I. There was also a demonstra- 
tion of a micrometeorite detector. Vacuum, 
vibration, and spin-balancing equipment used 
to simulate space environmental conditions 
was shown. 

Under authorization for construction at the 
time of dedication were eight buildings which 
would provide the necessary facilities for 2000 
scientific, technical, and administrative person- 
nel-representing a $27 million investment. 
The 550-acre tract once devoted to agricultural 
research was given a new mission. There was 
rapidly emerging the nation’s first center to be 
devoted to the peaceful exploration of space. 

22 



E S T A B L I S H M E N T  O F  T H E  G O D D A R D  S P A C E  F L I G H T  C E N T E R  

Mrs. Robert C. Goddard participating in ceremonies dedicating the Center named in honor of her late husband. 
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GODDARD SPACE FLIGHT CENTER GOES TO WORK 

Nature to be commanded must be obeyed. 
-Francis Bacon 





Chapter 4 

THE EARLY YEARS 

This chapter will go somewhat beyond a dis- 
cussion of the tradi,tional concepts that the 
“3 M’s” of Management are Men, Money, and 
Machines and present some of the operational 
concepts which have been developed and ap- 
plied a t  the Goddard Space Flight Center. 
Statistics and detailed facts are herein dealt 
with only to the extent necessary to paint, in 
broad strokes, the Center’s brief history. 

While the early years of Goddard were deeply 
concerned with Men (or Manpower), Money 
(in terms of budgetary activity, procurement 
activity, and operational costs), and Muchina 
(in terms of buildings and supporting equip- 
ment resources), other factors had far-reaching 
effects. These included such elements as God- 
dard’s approach to individual project organiza- 
tion, its plan for unifying different disciplines 
into a group serving a common purpose, its pro- 
gram for disseminating scientific information- 
and many others. 

Dr. T. Keith Glennan, former NASA Admin- 
istrator, said:* “We are not an operating or- 
ganization in the ordinary sense of that term. 
We do not expect to operate meteorological or 
communications systems. Our product is 
knowledge-new and fundamental knowledge- 
and the techniques, processes, and systems by 
means of which we acquire that knowledge. 
The rocket-powered launch vehicles’ we design 
and buy are not an end in themselves-they are 
cargo-carrying trucks of space, discarded when 
their fuel is exhausted.” 

I t  follows therefore that, while the direct 
relation between some particular element or ef- 
fort of Goddard and the acquisition of space 

*Address of Dr. T. Keith Glennan, Administrator, 
National Aeronautics and Space Administration to 
Science, Engineering, and New Technology Committee, 
Oregon State %Department of Planning and Develop- 
ment at Portlqnd, Oregon, on October 12, 1960. 

knowledge may sometimes appear tenuous, the 
fact remains that the primary reason for the 
Center’s existence was, and is, to acquire knowl- 
edge. To do so requires the coordinated effort 
of many scientists, engineers, technicians, and 
support personnel-often located in remote 
areas throughout the world-as well as build- 
ings, equipment, and facilities. 

The Center’s growth may be measured by 
several factors: (1) the rapidity with which it 
expanded its work force from a “handful” of 
people formerly with the Vanguard project at 
NRL to a staff of about 2850 with widely varied 
skills and backgrounds; (2) the growth of its 
physical plant from a wooded area near Green- 
belt, Md., formerly a part of the Beltsville Agri- 
cyltural Research Center of the US. Depart- 
ment of Agriculture, to a complex of modern 
space science laboratories, testing facilities, and 
worldwide tracking and data acquisition and re- 
duction facilities; and (3) the growth in fi- 
nancial responsibility from the approximately 
$6,300,000 transferred by the Navy to an annual 
budget of about $250 million for the 1962 fiscal 
year. 

A NUCLEUS OF 157 

The first employees of the activity later des- 
ignated as the Goddard Space Flight Center 
were the 157 people of the Vanguard group who 
were transferred from the Navy to the newly 
created National Aeronautics and Space Ad- 
ministration. 

By mutual agreement between DOD and 
NASA it was decided that this cadre would re- 
main at the Naval Research Laboratory “until 
suitable space is available at  the projected 
NASA Space Projects Center in Beltsville.” 
The Project Mercury group, consisting of ap- 
proximately 250 employees at Langley, also be- 
came a part of the initial Goddard organization 
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but was later assimilated into NASA’s Langley 
Research Center. 

I n  December 1958, another 46 employees were 
transferred to the Beltsville Center from 
NRL’s Space Sciences group. By the end of 
1958, the new Center had a total of 216 employ- 
ees. By June 1959, the Center ‘lad grown to 
391 people in the Washington area. In  1959, 
the recruitment activities were stepped up sig- 
nificantly, and by the year’s end there were 579 
employees. By June 30,1960, through transfer 
and recruitment the personnel complement had 
grown to 707 people. 

FIRST QUARTER 

The temporary quarters at the Naval Research 
Laboratory soon became entirely inadequate, 
and additional space was obtained at the U.S. 
Naval Station, Anacostia, D.C. During this 
period, the Center’s top management staff, 
which had been located at NASA Headquarters 
and at the Naval Research Laboratory, was 
moved and consolidated in these offices at 
Anacostia. 

In the following year total employees had in- 
creased to about 1200 and, as of December 31, 
1962, over 2850 were employed or committed 
for employment. 

In  a labor market which was extremely tight 
because of the nationwide shortage of scientists 
and engineers, Goddard had the additional 
problem of finding interested individuals pos- 
sessing the specific and unique experience de- 
manded by its mission. 

Five separate categories of employees com- 
posed the overall Goddard team : 

Professional scientists and engineers 
“Blue collar” craftsmen 
Technical support people 
Professional administrators 
Clerical personnel 

Almost 42 percent of the Center’s work force 
consisted of scientists and engineers. Through- 
out NASA, the ratio was approximately v3 to 
2/3 support people. Goddard’s group of scien- 
tists and engineers was somewhat larger because 

of the nature of its mission, that is, mor0 theo- 
retical and experimental work in the space sci- 
ence and satellite applications. 

PERSONNEL RECRUITING 

Experience with the college recruitment 
program was rewarding. Although entrance 
salaries may have been somewhat below the 
national average, the challenge of Goddard’s 
mission, facilities, and progressive educational 
programs attracted high-quality graduates. 
The critical recruitment area was that in which 
highly specialized experience was necessary : for 
example, senior people with solid experience in 
satellite instrumentation, communications sys- 
tems, systems integration, and spacecraft proj- 
ect management. It is somewhat paradoxical 
that for this group of personnel the Center was, 
in effect, in competition with itself: It com- 
pleted with the personnel needs of private com- 
panies which, in turn, were also engaged on 
space projects. One incentive particularly at- 
tractive at  Goddard was the opportunity pro- 
vided by t.he Center to participate in a major 
space science project from its inception to com- 
pletion. The Center’s mission frequently called 
for the “universal-type” scientist, capable in 
areas beyond his immediate discipline of 
physics, electrical engineering, etc. 

Rather than establish, for example, positions 
as physicist, electrical engineer, etc., NASA 
positions were categorized and identified 
directly with the nature of the work to be done. 
Since the fields of academic training do not al- 
ways correspond with the fields of advanced re- 
search and development, the aerospace tech- 
nology concept was applied. Under this plan, 
the title Aero Space Technologist was used to 
cover the broad field of research and develop- 
ment specialties. Specifically, the titles of such 
positions had the symbol AXT followed by the 
specialty; thus, AST Fluid and Plight 
Mechanisms. 

As previously indicated, the scientists and 
engineers who had been associated with Project 
Vanguard and other government space pro- 
grams formed the nucleus of the Goddard Space 
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Flight Center personnel complement. This 
group grew as follows : 

1959-782 (including staff later transferred 
to Manned Spacecraft Center)* 

1960-1265 (including staff later trans- 
ferred to Manned Spacecraft Cen- 
ter) * 

1961-1497 
1962-2850 (Dec. 31,1962) 

*NOTE.-When President Eisenhower assigned re- 
sponsibility for the development and execution of a 
manned space flight program, the National Aeronautics 
and Space Administration was in the process of being 
organized. Studies and plans for the manned satellite 
program were presented to Dr. T. Keith Glennan, Ad- 
ministrator, NASA; and on October 7, 1958, he gave 
orders to proceed with them. In  November 1958, the 
Space Task Group was officially established a t  Langley 
Field, Va., for  the manned space flight program to be 
known as the Mercury Project. The Space Task Group 
was organized under the Goddard Space Flight Center 
but was administratively supported by the Langley 
Research Center. It later became evident that the 
scope and size of the Mercury manned space project 
were more than sufficient to warrant an entirely sepa- 
rate center and on January l, 1961, the Project Mer- 
cury personnel complement associated with the 
development and launch of manned spacecraft was 
transferred to the new Manned Spacecraft Center at 
Houston, Texas. 

Responsibilities for the Project Mercury tracking and 
data complex remained with the Goddard Space Plight 
Center. 

560 

The sources from which scientists and engi- 
neers were recruited during the period from 
December 1958 to December 1962 were a,s 
follows : 

53.8% Government _ _ _ _ _ _ _ _ _ _  746 
Private industry _ _ _ _ _ _ _  317 23.0% 

15.5% Schools _ _ _ _ _ _ _ _ _ _ _ _ _ _  216 
7.8% Other _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  108 

Scientists were selected from virtually all 
sources and from many geographic regions. 
The recruiting program was conducted with 
the aid of extensive publicity campaigns and 
through the cooperation of many colleges and 
universities. 

SCHOOLING CONTINUES 

For personnel already on its staff, Goddard 
sponsored graduate study programs and under- 
graduate cooperative programs with several 
colleges and universities. Under the undergrad- 
uate cooperative program, selected students who 
had completed their sophomore year could go to 
school for one semester and work at Goddard 
the next, alternating in this way until they get 
their degrees. Under another plan, graduate 
students could take three-quarter-credit courses 
at a local university, wherein they worked three 

530 Accessions were 
made in the lost six 
months of the calendar I 

I 
year 1962. I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Total GSFC personnel accessions. 
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days a week at Goddard and attended classes 
on alternate days. 

Likewise, scientists and engineers were en- 
couraged to continue their educations in one of 
the several local graduate school programs. 
Because the field of space technology was unique 
and developed so rapidly, Goddard had a pro- 
gram of seminars, colloquia, and specialized 
courses. 

Goddard assisted employees who, having com- 
pleted their studies at  the Master’s degree level, 
were striving for greater competence and stat- 
ure. Each year, the program provided a lim- 
ited number of carefully selected scientists and 
engineers with an opportunity to spend up to 
one year in research and study fellowship pro- 
grams which they proposed, at institutions of 
their choice. Fundamentally, this program was 
a means through which an employee could gain 
the opportunity to conduct advanced study and 
research under the direction of men with inter- 
national reputations in their respective fields. 

PERSONAL RECOGNITION FOR SOME 

As the Center grew, mern1hrs of the Goddard 
staff received personal recognition. Listed here 
are recipients of honorary awards and patents 
through 1962. 

Honorary Awards 

Dr. Joseph W. Siry; Head, Theory and Analysis Office 
Arthur 5. Flemming Award, conferred February 1961 

“For accomplishments in the field of  orbit deter- 
mination and prediction” 

William G. Stroud ; Chief, Aeronomy and Meteorology 
Divisicm 

Astronautics Engineer Achievement Award, con- 
ferred March 1962 

“For his personal contribution to the technology of 
meteorological satellites which are now culmi- 
nathg in rapid development of an operational 
system” 

Bernard Sisco ; Deputy Assistant Director for 
Administration 

Distinguished Service Award, Prince Georges County 
Junior Chamber of Commerce, conferred March 1962 

“In recognition of his con,tributions to the general 
community welfare during the year” 

Robert W. Hutchison ; Personnel Director 
Federal Civil Servant of the Year-State of Mary- 
land, conferred April 1962 

“In recognition of  outstanding achievement in con- 
tributing to the ragid growth and establishment of 
the Goddard Space Flight Center” 

Robert E. Bourdeau ; Head, Ionospheres Branch, Space 
Sciences Division 

NASA Medal for Exceptional Scientific Achievement, 
conferred October 1962 

“For a major scientific advance in the study of the 
ionosphere and for sign@eant technological prog- 
ress in the understanding of  the plasma sheath 
about satellites” 

Dr. John C. Lindsay; Associate Chief, Space Sciences 
Division 

NASA Medal for Exceptional Scientific Achievement, 
conferred October 1962 

“For the achievement of a major scientific advance 
in the study of the Sun and for significant techno- 
logical progress +n high& precise satellite attitude 
control” 

Dr. John W. Townsend, Jr. ; Assistant Director, Space 
Science and Satellite Applications Directorate 

NASA Medal for Outstanding Leadership, conferred 
October 1962 

“For outstanding and dynamic leadership in plan- 
ning, developing, and directing a complex scien- 
tific organization whose notable achievements have 
significantly contributed to the pre-eminent posi- 
tion of this country in the space sciences, the 
development of space technology, and the practical 
aplication of such research nd  development” 

The Directorate for Tracking and Data Systems 
NASA Group Achievement Award, conferred October 
1962 

‘‘For superior technical and administrative leader- 
ship and outstanding results in the operation of  
the global manned spacewaf t tracking network” 

Patent Awards 

Stephen Paull, Spacecraft Technology Division 
Variable Frequency Multivibrator Subca?-?+er Oscil- 
lator f o r  Telemeter System 

November 1960 
James L. Albus, Spacecraft Technology Division 

Digital Aspect Sensor 
February 1962 

David H. Schaefer, Spacecraft Technology Division 
A Nondestructive Readout Circuit f m  a Magnetic 
Binary Storage Element 

July 1962 
Harold J. Peake, Spacecraft Technology Division 

Data Conversion Unit  
October 1962 

William A. Leavy, Aeronomy and Meteorology Division 
Switching Mechanism 

October 1962 
Stephen Paull, Spacecraft Technology Division 

V / F  Magnetic Multivibrator 
October 1962 

PHYSICAL PLANT 

The physical plant of Goddard Space Flight 
Center was established with an eye to present 
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and potential requirements. Its location is on 
a 550-acre tract of land about 10 miles north- 
east of Washington, D.C. This tract was for- 
merly a part of the Agricultural Research Cen- 
ter of the U.S. Department of Agriculture, 
Beltsville, Maryland. The engineering master 
plan was developed by Voorhees Walker Smith 
Smith and Haines of New York City. 

The first construction contract was let on 
April 10,1959, to Norair Engineering Corpora- 
tion, Washington, D.C. This contract called for 
construction of Buildings 1 and 2, together with 
access roads and parking areas. The first con- 
struction began early on the morning of April 
24, 1959, when brush and trees were cleared in 
the area which was to become the Center's main 
entrance. 

The computer and switchboard rooms were 
occupied on April 28, 1960. By June and July 
of the same year, the remainder of Building 1 

was completely occupied, although steam for 
operation of heating system and refrigeration 
compressors for air conditioning were provided 
by a temporary boiler outside the building. 
September 16, 1960, saw the full operation of 
Building 2. 

Humphreys and Harding, Inc., began con- 
struction of the Central Flight Control and 
Range Operations Building (Building 3) on 
September 21, 1959. Installation of computer 
equipment was completed on March 1, 1961, 
while other portions of the computer and com- 
munications area were occupied in November 
and December of the same year. 

Building 4, housing service shops, central 
powerplant, refrigeration plant, cooling tower, 
emergency power generators, and office areas, 
was started on May 23,1960, under contract with 
Norair Engineering Corporation. Parking lot 
and rods, were also included under this con- 
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Location plan of Center, 1 W  estimates. 

The site for Building 1, June 1959. Building 1 under construction, October 1959. 
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Building 1. 

tract. Initial completion of steam service lines, 
temporary boiler, and service shops was accom- 
plished in November while office space, parking 
lot, and boilers were placed in operation on De- 
cember 20, 1960. Completion of construction 
and the refrigeration equipment installation 
were accomplished on May 29,1961. 

The Instrument Construction and Installa- 
tion Laboratory, Building 5,  under contract 
with Norair Engineering Corporation, was 
started on November 26, 1960. Initial comple- 
tion phases of this structure aceommadated 
many administrative and scientific personnel 
formerly housed in temporary quarters. I n  
early 1962 it was necessary to modify the Ma- 
chine Shop and upper floor areas to house this 
personnel pending completion of Buildings 6, 
8, and 11. Building 5 was completed on 
March 20,1962. 

Arthur Venneri Co. was low bidder on a con- 
tract to build the Space Science Laboratory, 
Building 6. Construction was begun on Novem- 
ber 19,1960. By February 1962, the lower floors 
were completed and sections A and B were ready 
for occupancy. The remaining portion of the 
building required one additional month, and 
the staff took possession on March 2,1962. 

The contract for Buildings 7 and 10 went to 
United Engineers and Constructors, Inc., on 

Aerial view of Buildings 1, 2, and 3. 
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January 31, 1961. Notice to proceed with the 
construction of Building 7 was given in May 
1961; construction started May 22, 1961. Oc- 
cupancy by the Test and Evaluation Division, 
formerly housed in Building 4 and in numerous 
trailers, began April 28 and was completed the 
next month. 

Construction of Building 10 was started on 
October 19,1961, by United Engineers and Con- 
structors, Inc., with a scheduled contract com- 
pletion date of September 1, 1962. Sufficient 
portions of the building, together with the over- 
head crane, were completed by March 2, 1962, 
to start installation of the Space Environmental 
Simulator and Dynamic Test Chambers by Min- 
neapolis-Honeywell Corporation. 

The Satellite Systems Building 8, under con- 
tract with Arthur Venneri Co., was begun on 
September 16, 1961, and was targeted for occu- 
pancy by Spring 1963. Featuring a 500-seat 
auditorium, it also included provisions for a 
presentation-type stage, multipurpose projec- 
tion booth, and wide-range sound facilities. 
Building 8 was to house the Director, Associate 
Director, Assistant Directors, and supporting 
administrative services offices of the Center. 

Building 8 under construction, July 1962. 

Construction on Building 11, an Applied 
Sciences Laboratory, was begun by the Norair 
Engineering Corporation of Washington, D.C., 
on August 16, 1962. The estimated completion 
date was September 1963. 

A contract for the construction of Building 12 
was awarded to the Piracci Construction Com- 

pany of Baltimore. This building, a Track- 
ing and Telemetry Laboratory, will augment 
such facilities now in Building 3. Construc- 
tion was begun on October 22, 1962, and the 
estimated completion date was November 1963. 
Each of the above buildings will have labora- 
tory and office space for approximately 350 
employees. 

The assignment of space for the most effective 
administration of the Center continued to be a 
critical problem, and occupancy in many areas 
was on a temporary basis. This particularly 
applied to Buildings 1 and 5. Many of the 
administrative offices which eventually were 
scheduled to be located elsewhere at the Center 
were housed in rented space in the Jackson 
Building, Bladensburg, Md. ; at Lawrence St., 
Bladensburg, Md ; at Litton Industries, College 
Park, Md. ; at Beltsville; and at the relatively 
nearby location : Colemont Building, Silver 
Spring, Md. 

ORGANIZATIONAL GROWTH 

A review of the organizational charts for 
1959 to 1962 gives an indication of the Center% 
growth while, at the same time, adhering to its 
original concepts. As noted earlier, the 
manned satellite function shown in the first two 
charts was transferred from Goddard Space 
Flight Center to the Manned Spacecraft Center 
at Houston, Texas, on January 1,1961. 

The four major elements: Administration 
(formerly Business Administration), Tracking 
and Data Systems, Space Science and Satellite 
Applications, and Technical Services remained 
basically the same but with further refinements. 
The Office of Technical Services expanded to 
include such divisions as Facilities Engineering, 
Test and Evaluation, and Fabrication instead of 
Construction Engineering, Engineering Design 
Services, and Mechanical Services. 

The Office of Space Science and Satellite Ap- 
plications, while retaining essentially the same 
functions, recognized the need for the creation 
of a separate division for aeronomy and mete- 
orology. Also, the Institute for Space Studies 
in New York City was established first as a 
separate element of the Theoretical Division 
and then directly under the Assistant Director, 
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Building' 1 1 1 2 1 3 1 4 1 5  ----- 
Dir. & A&. DU. OA-585: 

84 Dir Asst DU-OA _ _ _ _ _ _ _ _ _ _ _ _ _ _  25 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  41 
82 Fin Mgmt _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  12 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  70 
81 O & P  . . . . . . . . . . . . . . . . . . . . . .  2 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  79 
57 Mgmt Ser _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  39 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  18 

219 P & 8 . . . . . . . . . . . . . . . . . . . . . .  16 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  
62 TID _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  30 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  32 

2 Chief OTS . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _  
140 Fac Eng . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  115 _ _ _ _  
188 Test & Eva1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  30 _ _ _ _  
126 Fab Div . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _  4 _ _ _ _ _  _ _ _ _ _  113 

17 Asst Dir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  17 _ _ _ _ _  _ _ _ _  
130 Track Sys _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  125 _ _ _ _ _  
116 OP &Sup _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  94 _ _ _ _ _  _ _ _ _  
219 DataSys _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  219 _ _ _ _ _  
164 SpaData Acq _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  6 _ _ _ _ _  

Ofice of Tech. Serv.456 

Track & Data Sys.-725: 

79 MSFS _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  19 _ _ _ _ _  60 
Space Sci. & Sat. App.-1123: 

11 Asst Dir _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  ___-_ _ _ _ _ _  _ _ _ _ _  ____. 
2&1 Spa Sei . . . . . . . . . . . . . . . . . . . . .  _ _ _ _ _  213 _ _ _ _ _  _ _ _ _ _  ____. 
185 Spa Sys & Proj _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  50 
175 Aero & Mete _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  16 137 _ _ _ _ _  _ _ _ _ _  22 
326 Spac Tech _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  _ _ _ _ _  5 _ _ _ _ _  16 _ _ _ _ _  
142 The0 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  86 _ _ _ _ _  _ _ _ _ _  _ _ _ _ _  ____. 

OFFICE OF ME DIRECTOR 
Ham J. Gmt  
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Organization chart, July 1959. 
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2. 02 
11.40 
16.31 
26.68 

Goddard Space Flight Center Funding 
(Exclusive of Research & Development program funds) 

3. 87 0. 14 6. 03 
14.07 3.56 29.03 
16.76 4.97 38.04 
11. 18 11.47 49.33 

Year 

Year 

1959 
1960 
1961 
1962 

1959 
1960 
1961 
1962 

Satellites 
Sounding 
Rockets 

Scienti5c Meteor- Communica- 
ological tions 

3. 56 21.31 0. 99 3. 57 
9. 68 20.24 7. 93 3. 05 
8. 25 35.14 17.50 31.15 
7. 29 67.64 26.97 21.42 

I Funding (in millions of dollars) 
I I I 

Salaries & Construction Plant Total I Expenses 1 &;:~;p- 1 Support I 
-I I I I 

Advanced Research and Technology 
I I Year Funding (in millions 1 ofdollars) 

1959 
1960 
1961 
1962 

0 
0 
0 
2. 78 

Research and Development Program Funding for Major GSFC Missions 

I Funding (in millions of dollars) 

Office of Space Science and Satellite Applica- 
tions. 

The responsibilities of the Office of Tracking 
and Data Systems grew to the point where the 
original breakdown with a Theory and Analy- 
sis Staff, a Tracking Systems Divisions, and an 
Operations Division no longer was adequate. 
It expanded to include a Space Projects Inte- 
gration Office, an Operations and Support Divi- 
sion, a Tracking Systems Division (with a 
Plans Office), a Space Data Acquisition Divi- 
sion, a Data Systems Division (with a Theory 
and Analysis Offim) and a Manned Space 
Flight Support Division. 

PROJECT MANAGEMENT 

The Goddard Space Flight Center was or- 
ganized along functional lines, which were con- 
sidered best from the standpoint of developing 
and maintaining a strong competence in the 
scientific and teohnical disciplines. Under this 
concept a project manager whose responsibil- 
ity was to oversee all facets of a major proj- 

Tracking and 
Data 

Acquisition 

3. 10 
16. 19 
29.65 
45. 13 

Delta Launch 
Vehicle 

12.93 
12.48 
9. 58 
0. 70 

Total 

45.46 
69. 57 

131.27 
169.15 

ect was designated. He acted as the agent of 
management to assure that all resources, both 
in-house and outside house, were effectively 
used to serve the needs of the project. I-Ie met 
this responsibility by way of the authority of 
the functional line supervisors. For such a 
system to work required, in the first place, effec- 
tive communications with line supervisors and, 
secondly, the rapid and direct access of the 
project manager to top management in the event 
that problems arose from conflicts between the 
needs of the various projects and the more gen- 
eral discipline activities. To keep his Snger on 
the Center’s pulse, the Director and key staff 
elements received “Weekly Progress Reports,” 
in which project managers discussed progress 
and problems. At periodic intervals, project 
managers made oral presentations to the top 
management staff at weekly staff conferences 
of the Director. 

Virtually every segment of the Goddard or- 
ganization was organized to support this 
concept. 
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Aerial view of Goddard Space Flight Center, June 1962. 

WORKING WITH AMERICAN INDUSTRY 

Goddard’s varied missions required the 
services and support of many elements of the 
American industrial community. By the end 
of 1962, more than 85 percent of the Center’s 
efforts in research and development areas were 
contracted for with outside concerns including 
industrial, research, and educational establish- 
ments. At the same time the Center followed 
the policy of retaining a sufficient number of 
projects to retain adequate in-house capability 
among its own staff in order to supervise its 
program effectively. 

To keep the industrial community abreast of 
Goddard’s needs and anticipated projects, the 
Center held “Industry Conferences” and par- 
ticipated in NASA Headquarters-sponsored 
seminars held in Washington, D.C., and key 
cities throughout the United States. 

FINANCIAL MANAGEMENT 

The Financial Management Division partici- 
pated in translating the Goddard Space Flight 
Center requirements into a financial plan, and 
provided financial guidance to the Center’s top 
staff and financial support to project managers. 

It administered the budget and provided 
guidance to all elements in coordinating operat- 
ing plans with cost estimates. It also developed 
and provided effective accounting systems, proc- 
essed all machine accounting transactions and 
processed statistical and other data on financial 
matters. 

It planned and executed financial analysis for 
scientific satellite projects and kept all con- 
cerned fully and currently advised of cost 
trends. 

The tables shown on p. 39 illustrate the ever- 
increasing fiscal responsibilities of this Center. 
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PROCUREMENT 

The procurement problems were complicated 
by the fact that, in many instances, procure- 
ment action had to be taken to acquire items 
never before manufactured, never before on the 
drawing board. To this was added the fact 
that sometimes materials of a rare or “exotic” 
nature having limited availability were re- 
quired. This called for extensive knowledge 
of supply sources, capabilities, and past deliv- 
ery performance of industrial firms and other 
vendors. 

Many procurement requests had to be proc- 
cessed-requiring detailed monitoring. Com- 
bined with these factors was the necessity to 
conform to detailed legislative and regulatory 
procedures as well as to sound business 
practices. 

Contracting with industry on a multimillion 
dollar scale required the Center to seek the 
highest quality of American scientific and in- 
dustrial skill, as well as the best capabilities of 
other Government laboratories. 

Each experiment in space was characterized 
by a high degree of attention to individual de- 
sign and assembly. Even in a series of projects 
having the same general purpose, the payload 
packages varied according to the experiments 
they conducted. Seldom, if ever, were any two 
flights identical. 

FABRICATION AND TESTING 

A scientific satellite is not a mass-produced 
item but usually a one-of-a-kind spacecraft 
which contains delicate scientific and electronic 
equipment. It requires the best engineering 
talents to build and test these space-borne labor- 
atories. 

Manufacture of these space vehicles was ac- 
complished either “in-house” by the Center’s 
staff of skilled fabricators or under contract 
with American industry-or through a combi- 
nation of both. The Center’s fabrication staff 
was composed of a small but highly specialized 
team of engineers and technicians skilled in 
machining, forming, optics, electronics, satellh 
assembly, et cetera. 

Once fabricated, each spacecraft first had to 
survive environmental stresses due to ground 

NUMBER OF PROCUREMENT ACTIONS 

FY 1961 FY 1962 FY 1963 

MILLIONS OF DOLLARS 

200 

FY 1961 FY 1962 FY 1963 

Procurement actions and expenditures. 

handling and launching. It finally had to oper- 
ate effectively in space for its expected lifetime. 
The task was not a simple one, since these space- 
craft contained equipment heretofore used only 
under the ideal environment of a laboratory. 
In  space, these instruments had to operate re- 
liably at great distances and under conditions 
where they were to be subjected ‘to solar radi- 
ation, space vacuum, extreme coldness, radiation 
belts, and solar flares. And, unlike a labora- 
tory, there could be no experienced experimenter 
in attendance, making adjustments and taking 
readings. 

A complex, labeled Goddard’s Spacecraft Test 
Facility, served as a large-scale laboratory to 
test Goddard-developed spacecraft and probes. 
Here a satellite was exposed to man-made con- 
ditions of extreme temperature, humidity, 
shock, vibration, structural loadings, and var- 
ious combinations to assure that Goddard de- 
veloped projects could take the punishment 
which they were to face on their orbital 
missions. 

These facilities were capable of handling one 
4000-pound payload, plus two 1000-pound loads 
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SUMMARY REPORT OF €3- ACTIOES 

For Janwry 1, 1$C, thru June 30, 1960 

a. Advertised 

b. Negotiated 

C. Interdepart- 
mental 

Total 

FROM: Goddard space Flight CenterZA 

TO: NASA Headquarters 

7 482,618 4 1,558,743 

II- 199,950 4 94,551 

9 2,103,340 

9 2,103,340 18 382,568 8 1,653,294 .. - 

b. Negotiated 

c. Interdepart- 
mental 

d. GSA schedule 

To ta l  

4. TOTAL ACTIONS 
OVER $2500 

MCEeDING@500 I 75 I 40,3U 1856 I 343,607 I 4501 259,9561 I I 
I 178 I 36,147,504 I 94 I 2,401,804 I 11-51 20,917,724 2 I 920,787 

5. AIL ACTIONS NOT 

NASA Form 274 rev. *This Report includes Space Task Group, Langley 
(Jan. 1959) 
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YEARLY REPORT OF PROCUREMENT ACTIONS 

NASA lnrtoliation GODDARD SPACE FLIGHT CENTER FISCAL YEAR 1961 

PART A: PROCUREMENT ACTIONS BY NASA APPROPRIATION 

N A S A  FORM SO1 (JUNE IS10) 
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(5) 

(6) 

(7) 

(8) 

YEARLY REPORT OF PROCUREMENT ACTIONS 

NASA Installation GODDARD SPACE FLIGHT CENTER FISCAL YEAR 1962 

1s 291,477 

( 1 0  16 4,144,396 59 8,897,255 

( 15) 
7 0  4. 895,388 

(16) 

(17) 
2,  893 17 
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The space environment simulator under construction. 

simultaneously, measuring up to 25 feet. Two 
major items in the Center’s Spacecraft Test 
Facility were a dynamic test chamber and a 
space environment simulator. These chambers 
simulated some of the forces converging on a 
spacecraft from initial ground handling 
through launch and fight. 

The dynamic test chamber consisted of a 
stainless-steel structure 33% feet in diameter 
and 58 feet high. Powerful mechanical pumps 
reduced inside pressure to 0.1 mm mercury. 
Here dynamic balancing, solar paddle erection, 
spacecraft orienting, etc. could be tested. 

In  the laboratory’s space environment simula- 
tor, a spacecraft could be exposed to simulated 
conditions of cold outer space, extreme vacuum, 
and solar radiation. 

A review of scientific satellite failures that 
have been detected by means of environmental 

test programs was made for the calendar year 
1962. This review of 114 failures, while not 
exhaustive, is believed to be representative of 
results that can be achieved. Five satellites were 
chosen for this review, all of which were 
launched and successfully performed in space 
during 1962. These satellites were chosen to 
represent several factors that might influence 
their complexity. For example, weights varied 
from less than 100 to over 300 pounds, and three 
launch vehicles were represented. The scien- 
tific disciplines represented by the on-board 
experiments covered electron density ; galactic 
noise ; corpuscular, solar, and cosmic radiation ; 
magnetic fields ; ionospheric relations ; and com- 
munication experiments. The telemetry sys- 
tems were typically pulse- frequency modulated, 
although one system included traveling wave 
tubes. Only one of the systems used batteries 
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Spacecraft Weight 
(lb) 

A 94 
B 170 
C 86 
D 150 
E 310 

exclusively j the other four included solar cells 
for power. The satellites reviewed include those 
developed by NASA, by industry, and through 
international cooperation. They all, however, 
were tested under the same philosophy expressed 
herein. 

Detailed statistics are found in the tables be- 
low. Some salient observations were that the 
ratio of electrical to mechanical failures was 
4 :1 (80 vs. 20 percent). The mechanical prob- 
lems were chiefly concerned with antenna de- 
signs, subsystem mounting, and local reso- 
nances. Stronger and stiffer designs, together 
with damping (often by potting), were general 
solutions to these problems. Often electrical 
problems were erratic and spurious, requiring 
much troubleshooting. Solid-state components 

Failures During Test 

Vehicle Electrical Mechanical Total 

No. % No. % No. % 

scout _ - - _ - - _ - - -  10 71 4 29 14 12 
Delta _ _ _ _ _ _ _ _ _ _  15 83 3 17 18 16 
Delta _ _ _ _ _ _ _ _ _ _  18 78 5 22 23 20 
Delta _ _ _ _ _ _ _ _ _ _  42 86 7 14 49 43 
Thor-Agena----_ 6 60 4 40 10 9 

__.- -- 

often were found to be faulty. Local overheat- 
ing was often corrected by providing improved 
heat sinks and heat conduction paths. The 
failure distribution seems reasonably consistent 
between the satellites. Nearly one-half of the 
failures reviewed occurred during the thermal- 
vacuum test, which stimulated space conditions. 
However, nearly one-sixth of the failures oc- 
curred during checkout, and about one-third 
during vibration. One observation made from 
these data was the importance of completing the 
entire system and checking it out early in the 
project life. One-sixth of the errors noted were 
primarily indicative of the interaction of sub- 
systems and the many interface problems. Ca- 
bling and connectors were particular offenders 

Total _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  91 80 23 20 114 100 

Total 

No. % 

12 13 
20 22 
3 3 
5 5 

51 56 

91 100 

Mechanical 
Total 

Total 
A B C D E  

No. % No. % 
-_____-__--- - ~ -  

_ _ _ _  _ _ _ _  1 4 1 6 26 18 16 
4 3 3 1 3 14 61 34 30 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ - -  3 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ - - _ _ - -  5 4 
_ _ _ _  _ _ _ _  1 2 _ _ _ _  3 13 54 47 

4 3 5 7 4 23 100 114 100 
------- ---- 

A B C  

--- 

"Test conditions for spacecraft A, B, C, D, and E in table above. 
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Checkout _ _ _ _ _ _ _ _ _ _ _  
Vibration _ _ _ _ _ _ _ _ _ _ _  
Temperature _ _ _ _ _ _ _ _  
Vacuum _ _ _ _ _ _ _ _ _ _ _ _ _  
Thermal-vacuum-_--_ 

Total _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _  2 3 
7 5 3 

_ _ _ _  1 1 
_ _ _ _  1 3 

3 6 8 

10 15 18 
--- 
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Drs. Robert Jastrow, Jackson Herring, Hong Pee Chiu, and Albert Arking of the Institute for Space Studies. 

at this stage of checkout. The primary item to 
note again was that each of these failures was 
detected, corrected, tested, and evaluated. The 
final result in space was a successful satellite.* 

To provide a point of contact between the 
national space program and an area rich in uni- 
versities and scientific talent, the Institute for 
Space Studies was established in New York City 
in May 1961 as a part of the Goddard Space 
Flight Center. 

The Institute’s primary mission was to assist 
in the analysis and interpretation of NASA 
space probes. It was concerned with basic theo- 
retical research in a broad variety of fields, in- 

*New, J. C., “Scientific Satellites and the Space Ea- 
vironment,” NASA Technical Note D-1340, June 1962. 

Boeckel, J. H., “The Purposes of Environmental 
Testing for Scientific Satellites, “NASA Technical Note 

Timmins, A. R., and Rosette, K. L., “Experience in 
Thermal-Vacuum Testing Earth Satellites at Goddard 
Space Flight Center,” NASA Technical Note D-1748, 
1963. 

D-1900,1963. 

cluding the structure of the earth, the moon, 
and other planetary bodies in the solar system; 
the atmospheres of the earth and other planets; 
the origin and evolution of the solar system; 
the properties of interplanetary plasma ; sun- 
earth relations ; and the structure and evolution 
of stars. 

The second major mission of the Institute was 
to arouse the interest of university scientists and 
students in  the space program and to enlist their 
participation in some of the theoretical prob- 
lems of space research. With its location in New 
York, the Institute had a unique opportunity 
for direct contact with the metropolitan univer- 
sity community. In  its first year it developed 
associations with Princeton University, Yale 
University, Columbia University, New York 
University, the City University of New York, 
and Brooklyn Polytechnic Institute. 

The Institute was originally designated as a 
New York office of the Theoretical Division of 
the Goddard Space Flight Center. Dr. Robert 
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Jastrow was named Director and also continued 
as Chief of the Theoretical Division. In  July 
1962, the Institute was separated from the 
GSFC Theoretical Division as noted earlier in 
this chapter. 

GODDARD LAUNCH TEAMS 

Much of the success of the Goddard satellite 
program was due to the efforts of its launch 
teams, organized under the Directorate for 
Space Science and Satellite Applications, with 
personnel at  both the Atlantic and Pacific Mis- 
sile Ranges (AMR and PMR). The AMR 

team provided the management and technical 
direction of the field efforts involving the 
successful Delta launch vehicle. Under the 
Field Projects Branch, Goddard scientists and 
engineers elosely supervised, monitored, and 
directed the launch vehicle preparations, launch 
operations, and coordination for spacecraft 
checkout. A similar team at PMR was respon- 
sible for the field integration of the spacecraft 
and launch vehicle, and for coordinating and 
directing mission operations originating from 
PMR. 
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TRACKING, DATA ACQUISITION, AND DATA 
REDUCTION 

Historically, the first functional network to 
be constructed for satellite tracking was the 
Minitrack network. This network grew directly 
out of arrangements originally made by the 
United States with agencies abroad as part of 
the program for the International Geophysical 
Year. Among the overseas stations tied in with 
the satellite tracking network were Antigua, 
West Indies Federation ; Quito, Ecuador ; Lima, 
Peru; Antofagasta and Santiago, Chile; 
Woomera, Australia ; and Esselen Park, Union 
of South Africa. These countries, in a program 
originally established in 1957 by the U.S. Naval 
Research Laboratory in cooperation with other 
agencies here and abroad, were all part of the 
Minitrack telemetry system. 

On January 10, 1959, representatives of 
NASA and DOD met to coordinate the separate 
requirements of the two agencies, and arrived 
at an agreement for a “National Program To 
Meet Satellite a d  Space Vehicle Tracking and 
Surveillance Requirements for F Y  1959 and 
FY 1960.” The agreement, signed by Secretary 
of Defense McElroy and NASA Administrator 
Glennan, established respective responsibilities, 
mutual use of tracking data wherever possible, 
and led to the formation of a continuing 
NASA-DOD Space Flight Tracking Resources 
Committee. 

The basic responsibilities of the network in- 
cluded : tracking, orbit computation, data 

acquisition (environmental and scientific telem- 
etry), and data reduction. 

The network consisted of three major func- 
tional parts. The first, Minitrack Net, has been 
used to track all U.S. satellites containing a 
suitable beacon since ‘the beginning of the pro- 
grams in 1957 and 1958. 

MINITRACK NET 

The Minitrack network comprised an organi- 
zation of fixed ground stations, located through- 
out the world, to provide a means of precision 
tracking, command, and telemetry of satellites 
and space probes together with a communica- 
tions system to transmit this information to a 
computing facility. 

A large percentage of the original stations are 
located along the 75th meridian to intercept 
satellite orbits with inclinations of less than 45 
degrees. New stations were added in higher 
latitudes to cope with more nearly polar orbits. 
Furthermore, ten of the stations were supple- 
mented with additional antennas aligned spe- 
cifically for polar orbit. (As of December 1962, 
the Minitrack system included the following 
stations: Blossom Point, Md.; Fort Myers, 
Fla.; Quito, Ecuador; Lima, Peru; Antofa- 
gasta, Chile ; Santiago, Chile; Woomera, Aus- 
tralia ; Esselen Park, South Africa ; Goldstone, 
Calif. ; St. Johns, Newfoundland; East Grand 
Forks, Minn. ; Fairbanks, Alaska ; and Wink- 
field, England.) 
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The prime Minitrack satellite tracking system 
consisted of radio interferometers* operating 
in conjunction with a transmitting beacon in 
the payload itself. Since the establishment of 
the network, certain enhancements have been 
added to the original station equipment to pro- 
vide tracking capability by optical and Doppler 
means as well. While the original tracking 
equipment operated on or near 108 megacycles 
(Me) (the frequency assigned for IGY activi- 
ties), additional equipment, tunable over the 
136-137 Me region, has been provided. 

WIDEBAND DATA ACQUISITION NET 

Many of the satellites to be launched by 
NASA use very wide bandwidths for trans- 
mission of data from the satellite to the ground 
stations. 

Since the receiver and sky noise in the telem- 
etry link is proprtional to the bandwidth 

*The radio interferometer measures two of the three 
direction cosines of a line from the center of the station 
to a satellite as a function of time while the satellite 
passes through the beam pattern of the receiving an- 
tennas. The third direction cosine is thus defined, and 
the angular position of the satellite is determined. 
From a series of independent angle measurements from 
various ground stations, satellite orbital elements may 
be computed. 

Phase comparison techniques are used to measure 
the differences in arrival time of the wavefront of a 
distant point source at pairs of receiving antennas s e p  
arated by known distances in wavelengths of the trans- 
mitted frequency. Measurement of this radio path 
difference is accomplished by a comparison of the 
phase angle of the signal received at one antenna to 
that received at another. 

The antennas are aligned along baselines in the east- 
west and north-south directions. Since the phase 
measurement system is capable of indicating phase 
difference to a small fraction of a wavelength, two 
pairs of antennas are aligned along orthogonal base- 
lines many multiples of a wavelength long to obtain 
good angular resolution. These are termed fine anten- 
nas. As a radio source passes through the antenna 
pattern, the relative phase will cycle from 0 to 360 
degrees for each wavelength added to the radio path 
difference. Since the phase meters repeat their read- 
ings every 360 electrical degrees, a number of different 
space angles will produce identical phase readings 
during a satellite transit. This ambiguity is resolved 
by employing several progressively shorter baselines, 
which produce fewer integral numbers of wavelength 
change as the radio source passed through the antenna 
beam. These are termed medium and coarse antennas. 
Ambiguity antenna information determines the num- 
ber of full wavelengths to be added to the relative 
phase angle measured at the fine antennas to define 
a data point. 

used for reception, either a very high transmit- 
ter power or a very high antenna gain, or both, 
must be used for a wideband telemetry link in 
order to achieve good signal-to-noise ratios. 
Since transmitter powers are restricted for tech- 
nical reasons, it became necessary to develop 
very high gain antennas at  the ground stations 
for receiving the wideband telemetry signals. 
The antenna that best satisfies the requirements 
for high gain and multiple frequency operation 
is a parabolic antenna 85 feet in diameter. 

The first satellite to require a large data ac- 
quisition facility for wide bandwidth reception 
will be Project Nimbus, which will be taking 
television pictures of the earth cloud cover. 
Nimbus is one of the satellites that will have 
a polar orbit. Consequently, the first station 
for wideband data acquisition was constructed 
on Gilmare Creek, 12 miles north of Fairbanks, 
Alaska; it was completed in May 1962. A con- 
tract was awarded the University of Alaska for 
operation of the station, which will be able to 

Fairbanks, Alaska, Tracking Station, 

provide coverage for 70 percent of the passes 
of a satellite in a polar orbit. A contract for 
construction of a second station to be located 
near Rosman, North Carolina, was placed in 
July 1962; this station will pick up an addi- 
tional 20 percent of the passes of a polar satel- 
lite. Thus, these two stations form a network 
which will provide coverage of 90 percent of 
the orbit of a satellite with a very high inclina- 
tion. 
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The main antenna for the Alaskan station is 
an 85-foot-diameter paraboloid of revolution 
with a focal length of 36 feet. The surface con- 
sists of double-curved aluminum sheet panels. 
The surface is separate from the reflector struc- 
ture so that it can be independently adjusted. 
The antenna reflector is mounted on an X-Y 
type mount designed specifically for tracking 
satellites. 

The antenna is capable of tracking at rates 
from 0 to 3 degrees/second, with accelerations 
up to 5 degrees/mz. The pointing aceuracy is 
+2 minutes of arc. The antenna has six opera- 
tional modes: It will automatically track on a 
satellite signal; it can be driven by a teletype 
drive-tape input ; it can be manually operated ; 
it can be slaved to an acquisition antenna; or 
it can be operated in various search modes for 
initial acquisition. 

TRACKING PROJECT MERCURY 

Project Mercury was organized on October 7, 

1. Place a manned space capsule into orbit 

2. Investigate man’s reactions to, and capa- 

3. Recover both the capsule and the pilvvt 

The Mercury program was conceived as a 
step-by-step development of a space-vehicle 
system and supporting ground system which 
would maximize the safety of the astronaut. 

For the Project Mercury operations, God- 
dard operated a worldwide tracking network, 
which was constructed by private contractox%’ 
and spans three oceans and three continents. 
The establishment of these tracking sites 
far as location and equipment wnfiguration,was 
prescribed by the character of the o n - h b d  
electronics systems and existing f acilitief; 
throughout the world, which were used to the 
maximum extent possible. This maximum uti- 
lization of existing facilities was mandsutory in 
order that the rapid pace set for the project 
would not outstrip &he development of the 
ground tracking system. 

Since the major requirement was one of 
safety of flight, a highly reliable command sys- 
tem for backup of the functions of the astro- 

1958, to: 

around the earth 

bilities in, this environment 

safely 

naut by ground command was installed at 
strategic points around the earth. This re- 
quirement also made it mandatory that the on- 
board spacecraft systems be carefully moni- 
tored during all phases of the flighk; this was 
accomplished by providing real-time telemetry 
display data at the sites. 

Goddard Space Flight Center (GSFC) was 
the focal p i n t  for radar tracking, where real- 
time radar data were received from the sites. 
Two IBM 7090 computers provided launch and 
orbital computing during the flight ; real-time 
display data were then transnitted to the Mer- 
cury Control Center at GSFC. 

An air/ground communications system was 
established together with remote site-to-control 
center voice and teletype communications to 
maintain contact with the astronaut during all 
phases of the flight. 

A special facility for testing and evaluation 
was established at Wallops Island, Va. Here, 
a typical site was constructed early in the 
phases of equipment procurement to evaluate 
the performance of the system, determine the 
interf am problems, develop detailed equipment 
testing procedures ; establish calibration tech- 
niques and equipment .to be utilized, and per- 
form early training exercises. This proving 
ground for equipment was invaluable in pro- 
viding a rapid evaluation of contractor devel- 
oped equipment and testing procedures. Here 
also the criteria were established for ultimate 
acceptance testing of the equipment as it-was- 
be inskalled at each of the remote sites. 

During late 1961, an industrial team headed 
by the Western Electric Company turned over 
this $60 million global network to NASA. 
Other team members were Bell Telephone Lab- 
oratories, Inc. ; the Bendix Corporation ; 

m a l  Bug- 
same time, 

the Lincoln Laboratory of the Massachusetts 
Institute of Technology had advised and as- 
sisted on special technical problems related to 
the network. The concluding contract had in- 
volved exbnsive negotiations with federal agen- 
cies, private industry, and representatives of 
several foreign countries in the establishment 
of tracking and ground instrumentation, 

Ji 
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The two tracking ships of the Mercury Network. 

This worldwide network consisted of track- 
ing and instrumentation sites (sixteen land- 
based sites and two ships), a control center, 
and a computing and communications center 
and was capable of performing real-time analy- 
sis of both the powered phase and orbiting 
flight. From orbital insertion until landing, 
the network provided continuous prediction of 
the capsule location, monitored the status of the 
capsule and astronaut, and initiated the com- 
mand functions necessary for the mission. 

The sites which composed this network are 
shown in the illustration. The instrumentation 
which was installed at the sites is discussed 
below. 

Radar Tracking 

I n  view of the fact that the computing sys- 
tem, located at GSFC, required a reliable input 
of tracking data in order to assure accurate 

presentation of the location of the capsule at  
all times, it was decided initidly that two types 
of radar would be incorporated. Since the 
spacecraft was of such a size that skin track- 
ing with conventional radar would not be 
entirely reliable, it was decided that Itwo radar 
beacons would be placed on board the space- 
craft. The frequencies were selected on the 
basis of the available existing tracking facili- 
ties and resulted in the choice of C-band as well 
as S-band tracking capability. This provided 
a degree of redundancy in the event that one of 
the on-board beacons failed during an orbital 
flight. 

Command 

Of almost equal importance in the early con- 
sideration of the orbital flight was the capabil- 
ity of backing up the astronaut by ground com- 
mand. Therefore, at strategic sites throughout. 
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the network, dual FRW-2 command systems Acquisition and Timing 
were installed. As it turned out, the use-of the 
command system was required mostly during 
unmanned ballistic and unmanned orbital 
flights. 

Telemetry 

I n  order that intelligent ground command 
could be initiated, it was necessary that a high 
degree of real-time ground monitoring capabil- 
ity be provided for the flight controllers located 
at the various sites. To implement this, the 
spacecraft was designed to incupra te  a dual 
telemetry system operating at separate carrier 
frequencies. Consequently, the ground system 
had to have the capability of receiving two sep- 
arate telemetry carriers with the attendant de- 
modulation equipment associated with each. 

Spacecraft-to-Ground Communications 

To assure a high degree of reliability of 
spacecraft-to-ground communications under the 
unknown conditions which might be experi- 
enced at approximately a 100-mile altitude, 
again a dual communications system was in- 
corporated into the spacecraft. This consisted 
of both ultra high frequency and high fre- 
quency communications systems. Consequent- 
ly, each of the ground tracking sites required 
the installation of associated receiving and 
transmitting equipment for these frequencies. 

Ground Communications 

To interconnect the network tracking sites 
with a reliable intercommunications system, 
two means of communications between sites and 
with the control center were established. The 
first and basic type consisted of the teletype 
communications facilities. Not only was it nec- 
essary for the teletype communications system 
to carry the load of communications between 
the flight controllers located at various sites 
around the network during the mission, but this 
system also was designed to deliver the radar 
tracking data from the radar tracking sites to 
the central computers. In  addition, the ground 
communications network provided the capa- 
bility to communicate by voice between the con- 
trol center and all sites. 

To enhance the reliability of the foregoing 
tracking systems, such as radar tracking, com- 
mand, communications, and telemetry, it was 
recognized that early and reliable acquisition 
of the spacecraft as it approached each track- 
ing site was of major importance. Therefore, 
a great deal of emphasis was placed on the sys- 
tem which could reliably provide pointing in- 
formation to the various tracking antennas as 
the spacecraft appeared above the horizon. I n  
addition, the provision of accurate radar track- 
ing data, the reliable tr,ansmission of commands 
at a predetermined time, and tagging the re- 
ceived telemetry data with an accurate time 
reference made it necessary that a universal 
timing system be installed at  all sites. This 
system utilized the TVWV and WWVH radi- 
ated time signals for calibration. 

Goddard Space Flight Center was the com- 
puting and communications center for this net- 
work. The two IBM '7090 computers operated 
in parallel to compute the smoothed present 
position of the capsule at all times, predict the 
future position, and shift the coordinates to 
provide acquisition information for all obser- 
vation sites. 

The Ground Communications Network was 
an automatic communications system connect- 
ing the Mercury sites around the world with 
GSFC. Any intelligence pertaining to the 
Mercury capsule-except on life support equip- 
mentipassed through GSFC. The system car- 
ried telephone, teletypewriter, and high-speed 
data (1000 bits/second) information to and 
from the worldwide network on a real-time 
basis. It accepted a message from a distant 
site and delivered it to the final destination- 
regardless of location-in a little over 1 second. 
The voice communications system was essen- 
tially a private-line telephone system which 
terminates in SCAMA (Switching, Confer- 
encing, and Monitoring Arrangement) at 
GSFC, where it was capable of being inter- 
connected or switched over various lines. 

Altogether, the Mercury system involved ap- 
proximately 60,000 route miles of communica- 
tions facilities to assure an integrated network 
with worldwide capability for handling satel- 
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James Donegan (seated second from left), Goddard Mercurg Operations Director, and staff monitoring the 

scientific space vehicles, with the exception of 
certain launch site installations. 

3. Insure that operational activities required 
in support of any spacecraft were properly ex- 
ecuted according to the operations plan for the 
vehicle. In  the event of inability to fulfill the 

M A 4  Flight. 

lite data. It comprised 177,000 actual circuit 
miles-102,000 miles of teletype ; 60,000 miles 
of telephones; and over 15,000 miles of high- 
speed data circuits. 

"HE SPACE OPERATlONS CoiW". CENTER 

The various tracking and telemetry stations 
throughout the world were integrated into a 
coordinated network through a communications 
system terminating in the GSFC Space Opera- 
tions Control Center. 

The functions of the Space Operations Con- 
. _  

operations plan requirements, the control center 
was responsible for recommending suitable al- 
ternative courses of action to the project man- 
ager and for making certain that his decision 
was properly implemented. 
4. Provide facilities for monitoring the status 

of the network and the space vehicle at all - 
times. 

5. Insure that the project manager was in- 
formed of any departures from nominal in the 
status of the network or of the satellite which 
might affect the conduct of the operation. 

6. Coordinate data reduction facilities, both 
for reduction of tracking data for determina- 

trol Center were : 
1. Control the operation of all tracking, com- 

mand, data acquisition, and data transmission 
facilities utilized in support of scientific space 
vehicles. 

2. Coordinate the operation of other ground 
instrumentation facilities utilized in support of 
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tion and refinement of the orbit, and also for 
performance of such computations on the tele- 
metered data as were requested by the project 
manager. The control center was directly re- 
sponsible for converting tracking data into for- 
mats suitable for data processing. 

7. Schedule network activities to insure that 
the requiremenb imposed were within the op- 
erational capability of the network and to avoid 
conflicts between individual projects insofar as 
possible. 

8. Provide facilities such that interested offi- 
cials could follow the critical phases of specific 
operations and could rapidly obtain information 
on the status of any satellite during its useful 
lifetime. 

Communications area. 

The control center utilized the following fa- 
cilities in the performance of these functions : 

Communications 

Ten telephone toll lines, two local voice loop 
circuits, two special external point-to-point cir- 
cuits, and ten dial intercom positions provided 
voice contact between external and internal 
groups performing functions essential to a given 
operation. There was also a special voice line 
to other agencies to pass on satellite orbital 
data. The center used six walkie-talkie trans- 
ceivers for voice contact to mobile operators or 
those operating on a short-term basis. 

I n  addition to the routine in-house routing 
system for printed messages, the center was tied 

into the worldwide teletype network via three 
quasi-realtime data lines and two monitor lines, 
which provided a minimum of delay on circuits 
of operational importance. 

Display 

Three large edge-lit plexiglass boards were 
available to display manually status, schedules, 
and graphical data of general interest and im- 
portance. A n  opaque projector was utilized to 
project teletype messages and information of 
interest on a screen. Digital clocks displayed 
time (GMT) : time to liftoff (countdown), and 
elapsed time of a hold. The clocks could be pre- 
set and controlled to indicate the status of the 
proceedings. A world-map display indicated 
the nominal orbit on a Mercator projection; and 
active sites were illuminated to indicate status, 
acquisition, et cetera. Doppler launch data 
were superimposed on a nominal curve on a 
plotting board, indicating launch vehicle per- 
formance after liftoff. 

Computation 

Three small computers were available: the 
CDC-160, the LPG-30, and an RPC-4000. 
These machines were utilized to process data of 
various types and of particular interest into a 
form for op thum presentation. For example, 
teletype data were edited and stored on IBM- 
style magnetic tape for rapid and easy handling. 
These machines lent themselves to the expedi- 
tious solution of last-minute data changes. I n  
addition, they were used to perform various 
studies to aid in operational planning. 

The communications network centering on 
GSFC included 36 full-period leased teletype 
lines serving 50 continental and foreign stations 
in the Minitrack and Deep Space networks, 
other data acquisition and command stations 
for scientific satellites, and other agencies in the 
scientific community engaged in the exploration 
of space. The 36 circuits (later expanded to 
42-line capacity) terminated in a Western Union 
111B switching center which combined torn- 
tape relay, message-switching, and circuit- 
switching capabilities. Circuit-combining fa- 
cilities permitted the interconnection of any 
station in the network in any combination for 

58 



TRACKING,  D A T A  ACQUISITION,  A N D  D A T A  REDUCTION 

Computer operation during the M A 4  mission. 

High speed “real-time” computers. 

direct conference or real-time data exchange as 
needed. I n  addition, six full-period off-net 
lines were brought into the center. Three 
TWX, RCA, and Western Union commercial 
refil0 services were available. These circuits 
were used to carry all types of administrative 
and logistics information, satellite tracking 
data, satellite prediction and orbital data, and 
certain types of telemetry data. 

All equipment and circuits in the Operations 
Room were arranged on a patch panel which 
permitted complete flexibility in interchange or 
substitution of equipments and links. One of 
the page printers was equipped with a keyboard 
for use in keyboard-to-keyboard coordination of 
data runs with remote stations in the network. 
Each of the circuits could be directly connected 
to any station in the network by leg-combining 
repeaters under switch control. An off-line 
19/14 teletype set was provided for special tape 
preparation. 

In  the Control Room, two page printers were 
provided for monitoring purposes. Any lines 
in the network could be monitored upon re- 
quest, and outbound traffic from the control 
room was carried by courier to the communica- 
tions room. Voice communications in the con- 
trol room was accomplished with standard 
telephone equipment. Each of 12 operating 
positions had the capability of utilizing an out- 
side exchange line, local interposition exten- 
sions, or a general conference loop; selected 
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positions had the capability of point-to-point 
connection for immediate contact to facilities 
such as the communications room. The Opera- 
tions Director, the Project Coordinator, and the 
Network Controller were able to select any of 
the lines in the room. Headset transceivers 
were generally used, leaving the operators’ 
hands free. 

THE DATA REDUCTION CENTER 

A data processing center was established for 
determining the orbital parameters of earth 
satellites and reducing the scientific data ob- 
tained by the experiments contained in these 
satellites. 

Computer facilities available at the center 
included four large-scale general-purpose 
scientific computers (IBM 7090’s) with asso- 
ciated peripheral equipment, as well as a variety 
of small digital computers, such as the CDC-160 
and LPG-30. Scientific data obtained by the 
satellites were processed by means of special- 
purpose equipment developed to handIe the 
many different telemetry formats in use. 
Underlying principles included in the design 
stressed semiautomatic operation with optimum 
improvement in the signal-to-noise ratio. Con- 
version to digital format was a one-step opera- 
tion allowing rapid entry into a large-scale 
computer for the complete reduction and 
analysis phase. Quick-look facilities in the 
form of tabulation or strip charts gave the ex- 
perimenters the opportunity to evaluate their 
data prior to the’final reduction and analysis, 
and hereby detmmined optimum handling pro- 
cedures to suit their individual needs. 

The objectives of the GSFC orbital calcula- 
tion programs were to determine and predict 
the orbits of satellites on the basis of observa- 
tional data. Initially, the programs were writ- 
ten by the IBM Vanguard group for khe Van- 
guard IGY project. These programs were 
subsequently replaced by programs written by 
GSFC personnel incorporating improvements 
in methods and efficiency. Orbit prediction 
could be done in four ways: Hansen theory, 
Keplerian ellipse, Brouwer theory, and numeri- 

cal integration of equations of motion. The 
output of these orbit-prediction programs could 
be supplied in a variety of local frames at arbi- 
trary times and in any form required. The out- 
put forms that were used included geodetic 
latitude, longitude, and height above subsatel- 
lite points ; azimuth, elevation, and range ; local 
hour angle, declination, right ascension, and 
direction cosines-all with reference to an 
arbitrarily selected site on the earth’s surface. 

Data acquired at the many remote stations 
had to be processed and reduced. Some of these 
data were not of uniform quality; therefore, 
the central data reduction facility had to be ex- 
tremely flexible and capable of taking into ac- 
count operational errors. The central facility 
also had to be able to handle the many varieties 
of such data as time, etc., which resulted from 
a lack of standardization of all missile ranges 
and data acquisition networks. Almost without 
exception, telemetry data were recorded at the 
stations on magnetic tape. 

The first step in the operation was an inspec- 
tion and evaluation of the tapes received. 
Selection for further processing was based on 
the genera1 requirements that the tapes have 
signals with adequate signal-to-noise ratio and 
usable timing, standard frequency, and tape- 
speed controls. The data were then digitalized 
and stored on digital magnetic tape. In  cases 
where experimenters demanded analog records 
such as film or strip-chart recordings, these 
were supplied. In  some instances, this was the 
only method in which the data could be pre- 
sented. However, digitalizing did allow rapid 
entry of the data in a computer and was usually 
suggested as the preferable method. 

The final reduction and anaIysis of the data 
in a computer allowed insertion of calibration, 
linearization, smoothing, selection, correlation 
with other data and, finally, merging of the 
data with orbit and aspect data. Mathematical, 
operations on the data, such as insertion into 
equations relating measured values to other 
quantities, were easily performed ; and the h a 1  
output to the experimenter could be in the form 
of tabulation or graphs as desired. 
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INTRODUCTION TO THE UNITED STATES SPACE 
SCIENCES PROGRAM * 

The mission and activities of the Goddard 
Space Flight Center constitute important con- 
tributions to the United States space program. 
To afford the reader an opportunity to review 
the activities of the Center in a manner which 
reflects the chronological development of these 
efforts, excerpts from the report of the National 
Academy of Sciences dated March 12, 1959, to 
the Committee on Space Research are reprinted 
as Chapter 6. To quote, 

A space sciences program is being developed 
by the U.S. National Aeronautics and Space 
Administration on as broad as basis as possible. 
I n  the planning and programming, advantage 
is being taken of the advice of the National 
Academy of Sciences’ Space Science Board and 
also of specialists and experts in the scientfic 
community. In  the conduct of satellite and 
space probe experiments broad participation of 
the scientific community and industry, along 
with government, is planned, and steps are being 
taken to secure such participation. The devel- 
oping program uses and will increase the mo- 
mentum in space research developed during the 
International Geophysical Year . . . 

Although the program planning is still in its 
preliminary stages, it is hoped that in each of 
the next two years between 75 and 100 sounding 
rockets may be launched and on the order of one 
or two satellite or space probes every two 
months. 

In  the rocket sounding program, emphasis 
will be placed upon experiments relating to at- 
mospheric structure, electric and magnetic 

*Report on the second meeting of the Committee on 
Space Research, held at the Hague, March 12-14,1959 ; 
and letter from U.S. Representative to COSPAR to the 
President of the Committee on Space Research, dated 
March 14,1959. 

fields, astronomy, energetic particles, and the 
ionosphere. 

The satellite program will emphasize at- 
mospheres, ionospheres, astronomy, energetic 
particles, electric and magnetic fields, and 
gravitation. 

Space probes will investigate energetic par- 
ticles, fields, and ionospheres. 

Although the approximate magnitude and 
emphasis of the program has been described, 
much remains uncertain regarding the special 
vehicles to be used, their orbits or trajectories, 
their specific schedules, launching sites, tracking 
and telemetering support, and special technolgy 
support. 

SPACE SCIENCES PROGRAM 

1. Atmospheres 

Objectives 
To determine and understand the origins, 

evolutions, natures, spatial distributions, and 
dynamical behaviors of the atmospheres of the 
earth, moon, sun, and planets; and their rela- 
tions to the medium of interplanetary space. 
To investigate atmospheric phenomena asso- 
ciated with interactions between photons, ener- 
getic particles, fields, and matter. To under- 
stand the relations between the earth’s upper 
atmosphere and its surface meteorology. To 
evaluate atmospheric effects on space flight. 
Program 

(a) Long Range 
Long-range plans for achieving the above 

objectives include : (1) instrumented satellite 
stations around other planets, (2) rocket probes 
deep into the atmospheres of other planets in- 
cluding soft landings onto the surface with 
automatic and eventually manned recording 
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stations, (3) probes deep into the solar atmos- 
phere, (4) special probes for measuring the 
density and nature of gas and dust particles in 
interplanetary space and within comets, and 
( 5 )  extensive theoretical studies to understand 
the basic natural phenomena taking place 
within the atmospheres. 

(b) Immediate 
Short-range plans include extensive and in- 

tensive studies of the structure and composition 
of the earth’s atmosphere by direct measure- 
ments with sounding rockets and with satellites. 
Diurnal, latitudinal, and temporal variations in 
these parameters will be studied and will be 
correlated with energy and momentum balances 
in the earth’s upper atmosphere. Models of the 
earth’s atmosphere will be formulated for (1) 
providing basic data needed in understanding 
ionospheric, auror,al, and other phenomena ; 
and (2) providing guidance in the study of the 
atmospheres of other planets. 

Short-range plans for studies up to about 50 
miles include scores of synoptic rocket flights 
and several cloud cover satellites to establish 
the relationships between surf ace meteorology 
and the structure and dynamics of the upper 
atmosphere. 

II .  Ionospheres 
Objectives 

To determine and understand the sources, 
natures, spatial distributions, and dynamical 
behaviors of the ionized regions of the solar sys- 
tem, including the ionospheres of the earth, 
moon, and planets. To investigate ionospheric 
phenomena resulting from interactions between 
photons, particles, ions, and magnetic, electro- 
static, and electromagnetic fields. To under- 
stand relations between solar activity and the 
terrestrial and other planetary ionospheres, 
magnetic fields, and upper atmospheric current 
systems. To evaluate ionospheric effects on 
space flight, including communications. 

Program 
(a) Long Range 

The long-range program will exploit present 
techniques for determining the terrestrial iono- 
spheric structure, its propagation characteris- 
tics, and its influence on space flight by 
observation from below, within, and above. 

New techniques for evaluating the least known 
parameters will be developed. All of the ap- 
plicable methods will then be used for the study 
of other planetary ionospheres. Eventually, 
propagation sounding stations may be estab- 
lished on the surface of the moon. All the data 
will then be applied to understand the inter- 
relations between solar activity, magnetic fields, , 
the aurora, the Great Radiation Belt, and other 
phenomena. 

(b) Immediate 
The immediate program is concerned with 

obtaining electron density profiles at altitudes 
above the F2 layer by inclusion of proven prop- 
agation experiments in space probes. Concur- 
rently latitude and temporal variations of this 
parameter will be obtained by use of a polar 
orbiting satellite beacon. Topside sounders in 
satellites will be used for synoptic studies of 
electron density in the outer ionosphere. This 
technique promises lesser ambiguity than that 
obtainable from satellite beacons. Present 
knowledge of electromagnetic propagation will 
be extended by inclusion of very low frquency 
receivers in polar-orbiting satelli’tes. Ion spec- 
trum studies will be extended to lower mass 
numbers and higher altitudes by inclusion of 
rf mass spectrometers in space probes and satel- 
lites. Direct measurements using devices such 
as antenna probes, ion probes, and electric field 
meters will be made in rockets and satellites, to 
better define ionospheric structure and to study 
the interaction between the ionosphere and space 
vehicles. 

111. Energetic Particles 

Objectives 
To determine and understand the origins, na- 

tures, motions, spatial distributions, and tem- 
poral variations of particles having energies 
appreciably greater than thermal. To under- 
stand their relation t~ the origin of the universe. 
To understand interactions between such par- 
ticles, fields, photons, and matter. To evaluate 
possible hazards to life and other effects of 
energetic particles and photons in space. 
Program 

(a) LongRalzge 
In situ measurements using deep space probes 

will be made from the close proximity of the 
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Visitors from abroad tour Goddard Space Flight Center. 

sun to the limits of the solar system. Extensive 
measurements in the vicinity of the planets, es- 
pecially the earth, will be made to determine 
the interactions of the energetic particles with 
the atmospheres and fields of these bodies. 
These measurements mill require satellite orbits 
around the earth, the moon, and other planets. 
The establishment of an observatory on the sur- 
face of the moon or on some other planet might 
be desirable, depending on the data previously 
acquired by artificial satellites. 

(b) Immediate 
In the near future the measurement of ener- 

getic particles will be pursued with satellites 
and rockets in the vicinity of the earth and with 
interplanetary probes. These measurements 
will be aimed at determining the interactions 
of these particles with the earth's atmosphere 
and field, their interactions with interplanetary 
fields, the types and energies of these particles, 
their spatial distribution, and the origin of the 
energetic particles. 

The immediate program includes specifically 
measurements of the cosmic ray intensity in 
interplanetary space ; of time and latitude cos- 
mic ray intensity variations ; of the composition 
and spatial extent of 'the Great Radiation Belt; 
of the cosmic ray energy and charge spectrum; 
and of the nature of the particles producing 
auroras. 

IV. Electric and Magnetic Fields 

Objectives 
To determine and understand the origins, na- 

tures, methods of propagation, spatial distri- 
butions, and temporal variations of magnetic 
and electric fields throughout the universe. To 
understand interactions between these fields and 
matter in space, and the influence of existing 
fields on solar and planetary atmospheres. To 
use these fields in the investigation of the in- 
ternal constitution of astronomical bodies. To 
evaluate their effects and interactions on space 
flights. 
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Program 
(a) Long Range 

Results from satellites, probes, and rockets to 
be flown in 1959 will be an important factor in 
determining the long-range program for study- 
ing the earth’s fields. One can, however, antic- 
ipate that an important item will be establishing 
an earth satellite observatory which will include 
instruments for measuring particle flux and 
solar radiations as well as magnetic and electric 
field instruments such that direct correlations 
can be made between the mrious phenomena. 
Also rocket soundings into the ionosphere will 
continue to study details of ionospheric currents 
more thoroughly. 

Attempts will be made to measure the fields of 
the Moon, Mars, and Venus from probes making 
close approaches and eventually from packages 
landing and serving as cibservatories. 

Probes will be launched toward the sun to 
obtain solar field measurements as close to the 
sun as feasible. 

Theoretical analyses and correlations between 
electric and magnetic field phenomena and other 
phenomena will be an integral part of the 
program. 

(b) Immediate 
The short-range magnetic field program in- 

cludes the use of sounding rockets, satellites, and 
space probes to carry magnetometers for inves- 
tigation of the existence of ring currents above 
the ionosphere during magnetic storms, iono- 
spheric currents, information on radiation belt 
currents, for measuring electric currents and 
the form of the earth’s field at great distances, 
interplanetary fields, and the moon’s magnetic 
field, and to study the complete spectra of 
field variations and for comprehensive field 
mapping. 

It is also anticipated that simple magnetom- 
eters which can detect only the existence of a 
perceptible field will be placed in several rockets 
and space vehicles as secondary experiments. 

The short-range electric field program in- 
cludes the use of electric field meters and Lang- 
muir probes to explore satellite charging and 
ion sheath characteristics. 

V. Gravitational Fields 

Objectives 
To determine and understand the origins, 

natures, methods of propagation, spatial distri- 
butions, temporal variations, and effects of 
gravitational fields throughout the universe. 
To determine and understand the external form 
and internal constitution of the earth, planets, 
and stars. To determine and understand the 
relations between gravitational and electro- 
magnetic fields. To evaluate effects of gravita- 
tional fields of different magnitudes, including 
weightlessness, on space flights. 

Program 
(a) Long Range 

For the study of the fundamental nature of 
the gravitational fields, two avenues are opened 
by the ability to launch satellites and space 
probes. The first of these is the ability to try 
experiments on a scale of hundreds and thou- 
sands of kilometers by probing the fields of 
planetary masses with bodies capable of being 
accurately observed. This is signifioant because 
gravitational fields, except that of the earth, are 
almost unmeasurable in laboratory-scale experi- 
ments. I n  the second place, the periods of arti- 
ficial satellites are so much shorter than those 
of the moon and other natural satellites that in a 
few years a number of revolutions correspond- 
ing to thousands of years for natural satellites 
may be observed. 

By the first avenue, it is possible to seek the 
links which must exist between the theory of the 
electromagnetic field and gravitational field. It 
is planned in particular to test the equality of 
gravitational and inertial masses by experi- 
ments in space which are a repetition of the 
experiment of Galileo in the Leaning Tower of 
Pisa. An attempt will be made to devise ex- 
periments which will reveal the velocity of 
propagation of gravitation, if any. 

It is planned to determine the masses of the 
inner planets by direct observation of probes 
passing near them or poss?bly around them. 
These probes will at the same time help to de- 
termine the value of the astronomioal mit. 

64 



I N T R O D U C T I O N  T O  T H E  U N I T E D  S T A T E S  S P A C E  S C I E N C E S  P R O G R A M  

It is planned to test the hypothesis that 
gravitational attraction depends on the average 
density of matter in the universe and that it 
therefore is slowly weakening as the universe 
expands, For this purpose, it is planned to 
compare an atomic clock on the ground with a 
gravitational clock of some kind. A proposal 
for a gravitational clock consisting, in effect, of 
a high satellite with a very well measured orbit 
is being studied. 

It is planned to employ moon probes to obtain 
improved values for the overall mass of the 
moon and for the moments of inertia about its 
three principal axes. It is planned to attempt 
to determine the strength of the materiials in the 
moon’s interior from this information. 

It is planned to measure the mass of Venus 
and of Mercury in order to test Bullen’s ideas 
about the nature of the cores of the planets. 

Using the second avenue, it is planned to ob- 
serve the motions of close satellites of the earth 
over a long period and to make precise compari- 
son with theory, searching for systematic trends 
in the inclination and the eccentricity, which 
might shed light on the history of the solar 
system. 

(b) Immediate 
(1) Studies are now being made on existing 

satellites with the object of determining the 
low harmonics of the earth’s field from tracking 
data. 

(2) It is also planned to put into orbit a spe- 
cial geodetic satellite which will be capable of 
refining the observations on the harmonics, and 
of determiniqg intercontinental distances with 
high precision. It should be possible to carry 
the study of the form of the geoid much further 
than has been possible to date. 

The information developed in (1) and (2)‘ 
above will be applied to the question of the basic 
hypothesis of geodesy. This hypothesis, as 
formulated by some theorists, is in essence that 
the low harmonics of the earth’s gravitational 
field have amplitudes of a meter or so. The 
hypothesis is not universally accepted ; other 
theorists consider that the amplitudes are on the 
order of scores of meters. A decision between 
these two hypotheses is impwtant because Heis- 
kanen, in particular, proposes extensive work 
revolving around the Stoke’s Theorem-work 

which is only warranted if the basic hypothesis 
is satisfied. This information will also be used 
in an attempt to evaluate hypotheses of convec- 
tion in the mantle. These hypotheses seem to 
go with the ideas of the first-mentioned school 
of theorists, and it may be possible to decide 
between these hypotheses and the alternative 
contraction hypothesis on the basis of our in- 
forma tion. 

(3) It is planned to put in orbit a satellite 
carrying a very precise clock in order to test a 
theory of Einstein which predicts a change in 
the clock’s speed depending upon the strength 
of the earth’s gravitational field. 

VI. Astronomy 
Objectives 

To determine the spatial distributions of mat- 
ter and energy over the entire universe, and to 
understand their cosmological origins, evolu- 
tions, and destinies. To observe from above the 
earth’s atmosphere the speckral distributions of 
energy radiated from objects in the solar system, 
in this and other galaxies, and in the interven- 
ing space, with emphasis on observations that 
are prevented or comprised by the absorption, 
background emission, and differential refraction 
of the earth’s atmosphere. To determine and 
understand the geology of the planets. To de- 
termine the effects of meteors, radiations, and 
other astronomical influences on space flights. 

Program 

(a) Long Range 
The first phase of the long-range program 

will be the development of an orbiting and 
stabilized platform. With such a platform, 
it will be possible to orient a wide range of tele- 
scopic instruments so as to make detailed ob- 
servations of specific quantities of interest at 
selected locations on the celestial sphere. Com- 
mand control for the platform will be incor- 
porated so that redirection of the instrumenta- 
tion will be possible. The obvious advantages 
of observations made beyond the earth’s atmos- 
phere will be available to us with such an orbit- 
ing observatory. There will still remain some 
observational difficulties because of the back 
scattered light of the sun and the Doppler shifts 
resulting from the high velocity of the satellite. 
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(b) Immediate 
The immediate program will continue and 

extend to the Southern sky the survey of the 
newly discovered nebulosities in the far ultra- 
violet by means of rockets. These measure- 
ments are being undertaken to determine the 
nature and sources of these emissions. Con- 
currently stellar photometry measurements will 
be made in the nexr and far ultraviolet spectrum 
region to extend magnitude systems to ultra- 
violet. Emphasis is being given to extending 
observations into the previously unexplored far 
infrared and high energy gamma-ray spectral 
regions by means of scanning satellites and 
rockets. Apart from their intrinsic value, these 
surveys are essential as ground work for the 
satellite observatory program. 

Studies of the solar ultraviolet and X-ray 
spectra will be extended to include long term 
variations, line profiles, distribution across the 
disk, and the spectra of the coronal X-ray flux. 

These studies will be carried out in a series of 
rocket firings and with satellite-borne pointing 
devices. 

Deep space probes will be gsed to determine 
the nature of the interplanetary medium. 

Satellites will be used to map the emissions 
of the high atmosphere which arise from 
charged particle interactions and photochemical 
reactions. 

VII. Biosciences 
Objectives 

To determine the effects on living termstrial 
organisms of conditions in the earth’s atmos- 
phere, in space and in other planetary atmos- 
pheres ; and of flight through these regions. To 
investigate the existence of life throughout the 
solar system, and to study such life forms in de- 
tail. To develop information necessary to 
achieve and maintain healthful artificial en- 
vironments for terrestrial organisms, including 
man, throughout the solar system. 
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GODDARD SATELLITES, SPACE PROBES, AND 
SOUNDING ROCKETS 

The following pages constitute a summarized 
report of Goddard Space Flight Center satel- 
lites, space probes, and sounding rockets 
launched u? to December 31,1962. 

Several U.S. scientific satellites were launched 
under the aegis of other governmental agencies 
before GSFC successfully orbited Explorer V I  
on August 7,1959. 

Although the full analysis of the scientific 
results of these earlier launches had not been 
published in final form at the time of the first 
Goddard launch, some of the preliminary re- 
ports provided knowledge which was helpful to 
the Goddard projects in process. Because of the 
implications and impact of the experience 
gained from these earlier launches on later 
Goddard experiments, they are included in this 
report. 

US. SATELLITES LAUNCHED PRIOR TO GSFC 
LAUNCHINGS 

1958 

In  1958, five successful launches were made. 
Explorer I (1958al) 

Launched February 1,1958, under the project 
direction of the Army, Explorer I was the first 
U.S. satellite placed in an earth orbit. It was 
responsible for the discovery of the Van Allen 
radiation belts-believed to be the most signi- 
ficant finding of the International Geophysical 
Year. It demonstrated the feasibility of tem- 
perature control by satellite surf ace treatment 
and showed that micrometeorites are not neces- 
sarily a major consideration in space travel near 
the earth. 
Vanguard I (1958p2) 

Launched March 17,1958, Vanguard I was a 
Navy test of the Vanguard launch vehicle and 

satellite ejection mechanism. By being placed 
in an earth orbit, it determined atmospheric 
density at great altitudes and conducted geo- 
detic measurements. It revealed that the earth 
is slightly pear-shaped, and the extensive in- 
formation gained from it will be useful in cor- 
recting geophysical map errors. It revealed 
much about the pressure of solar radiation;and 
pioneered the use of photocells as a solar power 
source. It is the oldest man-made object in 
space and is still transmitting. Its lifetime, 
originally estimated at 200 years, is now be- 
lieved to be about 2000 years. 

Explorer 111 ( 19587 7 1 
Explorer 111, launched by the Army on 

March 26,1958, went into an orbit slightly more 
elliptical than that planned. However, it yield- 
ed valuable data on radiation belts and micro- 
meteor impacts as well as external and internal 
temperatures. It came down on June 27,1958. 

Explorer IV (1958el) 
Launched July 26, 1958, under the project 

direction of the Advanced Research Projects 
Agency of the Department of Defense, Explorer 
IV  was for the purpose of studying radiation 
belts detected by Explorers I and I11 and for 
measurement of artificial radiation created by 
previous experiments by DOD. It successfully 
provided information on radiation belts and 
collected data to establish detailed spatial rela- 
tions and many of the properties of the artificial 
radiation, and aided in analysis of the earth’s 
magnetic field. 

Project Score f7958tlI 
Launched December 18, 1958, also under the 

project direction of the Advanced Research 
Projects Agency, Project Score tested the feasi- 

67 



T H E  E A R L Y  Y E A R S  

bility of the Atlas ICBM as a space vehicle. It 
also tested the feasibility of voice and teletype 
relay via satellite. By its use, for the first time 
a human voice (President Eisenhower’s) was 
beamed from outer space. It was the first 
known satellite to be guided into orbit by a 
radio-inertial system. Its beacon signal termi- 
nated December 19, 1958 ; and the voice signal 
stopped on December 31,1958. It was down on 
January 21,1959. 

1959 

I n  1959, prior to Goddard’s successful launch 
of Explorer VI, three satellites and one space 
probe were launched by the United States. 

Vanguard II I7 959~7 1 
This satellite, launched under NASA project 

direction on February 17, 1959, was placed in 
orbit for the purpose of studying the earth’s 
cloud cover. While the satellite was success- 
fully placed in orbit, a wobble which developed 
prevented interpretation of the cloud-cover 
data. The payload configuration was that of a 
sphere with a shell of highly polished silicon- 
monoxide-coated magnesium. The tracking 
transmitters’ batteries lasted for 27 days. 

Discoverer I 
Discover I mas launched under the project 

direction of the Advanced Research Projects 
Agency on February 28,1959. Its objective was 
to demonstrate the orbital capability of the Dis- 
coverer-Thor combination and the capability of 
its ground support equipment. 

The satellite was placed in near-polar orbit. 
Difficulty in stabilization caused tumbling, 
which hampered continuous tracking. Trans- 
mitters included telemetry and a tracking bea- 
con. The satellite reentered the atmosphere and 
decayed within a short time. 

Pioneer IV (7959~) 
Launched by NASA on March 3, 1959, this 

instrumented probe was placed in an Earth- 
Moon trajectory to measure radiation in space, 
to test the photoelectric sensor in the vicinity of 
the moon, to sample the moon’s radiation, and 
to test long-range tracking. 

Pioneer achieved an Earth-Moon trajectory 
and yielded important radiation data in space. 

An injection below the planned velocity pre- 
vented near-lunar experiments. The configura- 
tion of this probe was conical with a shell of 
gold-washed fiber glass, which would serve as 
a conductor and antenna. It was tracked for 82 
hours and to a distance of about 407,000 miles. 
It is in orbit around the sun. 
Discoverer II 

Launched on April 13,1959, by the Advanced 
Research Projects Agency of the Department 
of Defense, its objective was to provide data on 
propulsion, communications, recovery tech- 
niques, and the measurement of cosmic radia- 
tion. 

It achieved a near-circular orbit, and stabili- 
zation was controlled. The timer malfunctioned 
and caused a premature capsule ejection, and a 
recovery attempt was prevented. 

Discoverer I1 was the first satellite to carry a 
recoverable instrument package. The tele- 
metry ran to April 14, 1959, and the tracking 
beacon to April 21,1959. The capsule made im- 
pact in the vicinity of the Spitsbergen Islands 
(Arctic Ocean) and was lost. 

The following sections provide basic infor- 
mation, by years, on successful launchings by 
Goddard Space Flight Center of scientific satel- 
lites, space probes, and sounding rockets. These 
data cover the period from the date of God- 
dard’s activation until Dec. 31, 1962. 

Explorer VI, launched August 7,1959. 
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SATELLlTES AND SOUNDING ROCKETS 
LAUNCHED BY GSFC 1N 1959 

Satellites 

Explorer VI 1795981) 
Launched on August 7 ,  1959, Explorer VI 

was the first scientific satellite under the project 
direction of Goddard Space Flight Center. 

This satellite contained instruments for 
measurements in the Van Allen radiation belt 
region, provided by the Universities of Chicago 
and Minnesota and by the Space Technology 
Laboratories. It also contained instrumenta- 
tion for the measurement of the earth’s mag- 
netic field and for a type of one-line television 
scanning of the earth’s cloud cover, provided 
by the Space Technology Laboratories. NASA 
and the Air Force Cambridge Research Center 
provided equipment for the measurement of 
micrometeorites. Stanford IJniversity provided 
equipment for the observation of very low 
frequency radio signals. 

The results of this experiment are the follow- 
ing : 

University of Chicago 

1. High-energy (10-20 MeV) radiation on the 
inner side of the radiation belt region. This ap- 
pears to be a narrow proton band, 330 miles 
(500 km) thick, at about 1240 miles (2000 km) 
out from the earth. The total counting rate at 
maximum is about 1400 counts/cm2-sec. 

2. In  the vast outer low-energy radiation 
region, no protons are observed with energies 
greater than 75 MeV, or electrons with energies 
greater than 13 MeV. 

3. There are indications of variation with 
time. 

University of Miwnesota 

1. The intensity of the radiation region at 
great distances dropped to a much lower level 
than was noticed by Van Allen in the Pioneer 
probes-5000 times less than Pioneer I V  and 
10 times less than Pioneer I11 (195881). 

2. Maximum intensity was at 13,640 miles 
(22,000 km) from the earth’s center. 

3. The radiation regions show a pronounced 
and complicated structure. 

4. An attempt is being made to map the 
radiation levels and to study the character of 

the radiation by the relative responses of the 
different instruments. 

5. This instrumentation shows the Same 
region of hard radiation as that found by the 
University of Chicago. 

6. Toward the end of August, the radiation 
layers were filling up at large distances and had 
reached an intensity comparable with that of 
Pioneer 111. 

7 .  There are some pockets of radiation at 
large distances which appear and disappear 
with time. The increase appears to be cor- 
related with solar outbursts. 

Space Techno7ogy Laboratories 

1. On August 20, during a solar eruption, the 
maximum intensity was observed to increase by 
a factor of 10 to 100 from the maximum on 
quiet days. 

2. However, on August 16, when there also 
was high solar activity and an intense magnetic 
storm, there was no increase recorded. 

3. Fluctuations of intensity indicate that both 
the inner and outer zones are much more com- 
plicated than has been previously indicated. 

4. One hundred f&ty traversals of the radia- 
tion belt region indicate that the low energy 
radiation zone has a gross structure similar to 
the radiation belts reported by Van Allen. 

5. The television scanner data give a very 
crude image which correlates roughly with data 
from meteorological maps. 

6. The reduction of data from the magnetic 
field experiment is quite involved. No unex- 
pected findings have yet been produced. 

NASA and the Air Force Cambridge Researoh 
Center 

1. Preliminary data analysis indicates a 
relatively low micrometeor counting rate, com- 
pared with data obtained from earlier 
experiments. 

Stanford Un&wrsity 

1. The signal from the Navy’s very low fre- 
quency 15.5 kc/sec transmitting station NSS 
was received clearly below the D-region of the 
ionosphere, but dropped out after passage 
through the D-region at 43.4 miles (70 km) 
altitude. 



Vanguard 111 f 1959111 1 
Vanguard I11 was launched on September 18, 

1959. Weighing 50 pounds, the satellite 
achieved an apogee of 2329 miles and a perigee 
of 319 miles. 

Experime.nts-Solar x-radiation, by the Na- 
val Research Laboratory ; micrometeorite and 
satellite temperatures, by the Goddard Space 
Flight Center. 

Re8~Zt8- 

Naval Research Laboratory : Because of the 
high apogee, the solar radiation ionization 
chamber saturated most of the time, making it 
impossible to pick up the solar x-radiation ; how- 
ever, good information is being obtained on the 
structure of the lower edge of the Van Allen 
radiation belts. 

Goddard Space Flight Center : The magne- 
tometer worked well, and preliminary analyses 
of selected portions of the data indicated that 
in some locations systematic deviations occur 
from the predicted fields. The erosion ex- 
periments have not indicated that any appreci- 
able erosion has taken place. The micrometeor- 
ite experiment has reported from 4 to 15 impacts 
of particles lom9 gm or larger/mz/hr. Payload 
temperature varied between 6" and 27" C. 

Explorer VfI ( 7  959t1 I 
Explorer VI1 was launched on October 13, 

1959; it weighed 91.5 pounds. I t  has an apogee 
of 680 miles and a perigee of 342 miles. 

Experiments-Solar Lyman-alpha and x 
rays, by the Naval' Research LaboEatory ; heavy 
primary cosmic rays, by the Research Institute 
for Advanced Study of the Glenn L. Martin 
Company; total cosmic ray counting rate, by 
the State University of Iowa ; the radiation bal- 
ance in the earth's atmosphere, by the Univer- 
sity of Wisconsin ; micrometeorites and satel- 
lite erosion, by Goddard Space Flight Center; 
and satellite temperatures. 

Resd&- 
1. The 20 Me transmitter is functioning prop- 

erly on solar power supply and will probably 
continue for many months. The 108 Me trans- 
mitter exhausted its chemical batteries and 
stopped transmitting in December 1959. All 
data are in early stages of analysis, and results 
are very tentative. 
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2. The meteorological radiation balance ex- 
periment is yielding approximately 1000 meas- 
urements per day. The sensitivity is sufficient 
to distinguish hot and cold air masses at night 
and cloud cover in daylight; comparison with 
balloon-borne radiometers indicates reasonable 
accuracy with respect to the measurement of 
net outward energy flux. 

3. Further mapping of variations in the 
trapped radiation seems to be giving additional 
evidence of correlation with magnetic storms. 
4. The "heavy" cosmic ray experiment seems 

to be functioning properly ; data are still being 
processed. 

5. As expected, the solar x-ray and ultraviolet 
experiments are adversely affected part of the 
time by trapped radiation. No solar data have 
yet been obtained, but it still hoped that a siz- 
able solar disturbance may occur at  a time when 
these instruments will be able to record the ac- 
companying radiation. 

6. No significant micrometeorite penetrations 
or erosion have yet been observed, nor have the 
solar cells indicated any change in operation 
during the first 80 days. 

7. Internal temperature has varied from 19" 
to 42" C as the orbit changed from minimum to 
maximum time in sunlight. 

GSFC-LAUNCHED SATELLITES, SPACE PROBES, 
AND SOUNDING ROCKETS IN 1960 

This section summarizes activities and results 
during the period from about J,anuary 1960 to 
December 1960. 

New Results From Previously Launched 
Satellites* 

During the period since January 1960, satel- 
lites launched before that date have continued 
to yield large quantities of data of scientific 
value. The new data and the results derived 
from them have been chiefly in the following 
fields: the fine structure of the earth's gravika- 
tional field, relation of air density to solar radi- 
ation and activity, the structure of the Van 
Allen belts and their interconnection with solar 

* Including a number of projects undertaken prior 
to establishment of Goddard Space Flight Center. Ex- 
periments concluded under these projects have been 
incorporated into the GSFC mission. 
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activity and auroras, and ionospheric structure 
deduced chiefly from propagation phenomena. 

The refined optical tracking made possible by 
the Smithsonian Astrophysical Observatory's 
network of Baker-Nunn cameras has provided 
data for increasingly precise orbital analyses 
for a number of satellites, including Vanguard 
I. From these data the zonal harmonic co- 
efficients J ,  through J ,  have been determined or 
further improved, although disputes about the 
reality of such coefficients possibly will not be 
completely allayed until more even geographic 
tracking coverage is provided. More recently, 
the previously suspected existence of the sec- 
torial harmonic A,,, corresponding to an ellip- 
tical equator with the major axis 400 meters 
longer than the minor axis pointing toward 
longitudes 33" W and 1 4 7 O  E, has been sup- 
ported by analysis of the motions of Vanguard 
I1 and Vanguard 111. 

This same mass of accurate tracking data has 
made possible improved and more detailed anal- 
yses of the rate of shortening of satellite 
periods produced by air drag. In  particular, 
the simultaneous effect of the solar event of 
November 13,1960, on seven different satellites, 
including some launched before 1960, has pro- 
vided dramatic confirmation of the interaction 



between the solar activity and the upper atmos- 
phere. I n  addition, the diurnal effect (with the 
maximum drag in a region somewhat east of 
the subsolar point) has been refined to the point 
where it now can be included in the mathe- 
matical representation of the orbital elements. 

As data on energetic particles and fields have 
continued to accumulate or previously acquired 
data have been reduced from such satellites as 
Explorer IV, Explorer VI  (which is still trans- 
mitting), Vanguard 111, and Explorer VII, 
and as these data have been intercompared with 
each other and with those from other satellites 
and space probes, knowledge of the extent and 
constitution of the Van Allen belts has been 
increased and refined. The effect of solar ac- 
tivity on these factors has been revealed. The 
very profound effects of solar storms on the 
outer belt have been discovered; for example, 
great changes in intensity and extent were de- 
tected during the disturbance of March 31,1960, 
during which the outer belt first nearly disap- 
peared, then returned to greater-than-normal 
intensity, and finally fell back to normal levels. 
The fine structure of the outer belt has been dis- 
covered and mapped. Magnetometers of Ex- 
plorer VI  confirmed the existence of a ring cur- 
rent circling the earth about 6 radii out. Mag- 
netometers on Vanguard I11 ,and correlated 
data from ground magnetic observations have 
mapped the geomagnetic field (including de- 
tails like the Capetown anomaly) and provided 
information about its stability and the effect 
of magnetic storms. The foregoing have been 
correlated also with auroral activity. 

Many large and small time variations in the 
intensity of the radiation in the radiation belts 
and in the magnetic field have received only 
cursory attention and contain a wealth of inter- 
esting phenomena which still require interpre- 
tation. All the foregoing new facts have led to 
fresh attempts to construct physical models of 
the interaction between radiation of solar ori- 
gin, cosmic rays, the interplanetary medium, the 
geomagnetic field, and the upper atmosphere. 

Finally, satellites still transmitting radio 
signals, or  those previously transmitting signals 
but for which the data had not been completely 
reduced, afforded many opportunities for study- 
ing ionospheric propagation effects (reflection, 
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refraction, fading of various peculiar types, ro- 
tation of the plane of polarizatian, etc.) . From 
these, additional information on the concentra- 
tion and distribution of electrons in the iono- 
sphere have been deduced. 

1960 Satellites and Probes 

Several Goddard-managed satellites and 
probes were launched during the period Janu- 
ary 1 to December 31,1960. Brief descriptions 
of these projects and some of the highlights of 
the scientific results obtained are given below. 
Pioneer V (79601x1 

The interplanetary spacecraft, Pioneer V, was 
launched on March 11, 1960, at which time it 
was over 20,460,000 miles (33 million km) from 
the earth and 7,440,000 miles (12 million km) 
inside the earth’s orbit. Communications were 
lost prematurely at that time, probably because 
of a battery failure. 

Some of the technological advances resulting 
from this project were: (1) an integrated sys- 
tem of tracking, telemetry, and command which 
required only one communication link; (2) a 
system of varying the range for useful telemetry 
transmission by adjusting, from the earth, the 
transmitter power and information rate used 
by the spacecraft; (3) an accurate radio system 
for spacecraft guidance ; and (4) telemetered 
data on the spacecraft performance. 

Pioneer V was spin-stabilized and carried two 
sets of radiation detectors : an integrating ioni- 
zation chamber and a Geiger-Mueller tube com- 
bined in a single package, and a proportional 
counter telescope. The vehicle also carried a 
magnetometer to measure the component of the 
ambient magnetic field perpendicular to the spin 
axis of the vehicle. A micrometeorite detector 
and a device for determining the attitude of the 
vehicle relative to the sun were also included, 
but failed to function properly.* 

* AmoIdy, R. L., Hoffman, R. A., and Winckler, J .  R., 
Jourmzl o f  Geophysical Research, VoI. 65, No. 5, pp. 
1361-1376, May 1960. 

Fan, C. Y., Meyer, P., and Simpson, J. A., Proceed- 
ings of the First International Conferenm on Space 
Research, North-Holland Publishing Go., Amsterdam, 
1960. 

Judge, D. L., McLeod, M. G., and Sims, A. R., Trans. 
IRE Space Electrolzics and Telemetry, SET-6, No. 3-4, 
pp. 114-121, September-December 1960. 
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The scientific results obtained from the in- 
struments aboard Pioneer V provide an example 
of the knowledge which the program of space 
exploration has contributed to mankind. The 
data have not been analyzed completely. How- 
ever, the experimenters have already reported 
significant findings, described below under ap- 
propriate headings. 

Galactic Cosmic Rays-The frequently ob- 
served sharp decreases in the intensity of galac- 
tic cosmic rays, called Forbush decreases, are 
phenomena of solar origin and are not caused 
by the earth or its magnetic field.* This fact 
was determined by a comparison of data from 
Pioneer V with simultaneous observations ob- 
tained from ground-based neutron monitors. 
The comparison showed that the magnitude of 
the large Forbush decreases of April 1,1960, in 
the vicinity of the earth was almost identical 
with that observed at the position of Pioneer V 
3,100,000 miles (5 million km) closer to the 
sun. 

The mechanism which produces the 11-year 
variation in cosmic-ray intensity is centered in 
the sun, and the size of the volume of space in 
which the intensity is reduced is greater in 
radius than 1 astronomical unit during that part 
of the solar cycle which was covered by the 
Pioneer V measurements.f This result is in- 
ferred from the fact that the reduction in in- 
tensity produced by this mechanism was nearly 
the same at the earth and at Pioneer V. 

The radial gradient of the omnidirectional 
galactic cosmic-ray intensity is- 15220 percent 
per astronomical unit measured near the orbit of 
the earth, and in the direction of the sun. This 
result suggests that any electromagnetic mech- 
anism which accounts for the 11-year variations 
of the galactic cosmic-ray intensity is located 
principally outside the orbit of the earth.+ 

Solar Cosmic Rays-Cosmic rays were ob- 
served in space, completely free of any effects 
due to the earth. Instruments aboard Pioneer 
V directly detected particles accelerated by 
solar flares, which constitute a potential hazard 

*Fan, C. Y., Meyer, P., and Simpson, J. A., Physical 
Review Letters, Vol. 5, No. 6, p. 269, September 1960. 

f Fan, C. Y., Meyer, P., and Simpson, J. A., Physical 
Rewiew Letters, Vol. 5, No. 6, p. 272, September 1960. 

to man in space. Numerous bursts of such par- 
ticles were observed with the ionization 
chamber-Geiger tube package. The eorrela- 
tion between these observations and data, from 
ionosondes at Thule and Resolute Bay, on the 
minimum ionospheric reflection frquency F,,, 
indicates that the particles detected in the bursts 
detected were solar protons, with energies prob- 
ably between 10 and 50 MeV, and that very few, 
if any, solar electrons above 50 MeV result from 
flares.1 Many of these proton events were 
detected by the counter telescope also.§ How- 
ever, the threshold of this instrument for proton 
detection was about 75 MeV, whereas that for 
the ionization chamber-Geiger tube package 
was about 20 MeV. 

Those solar flare particles, which produce 
ionization in the polar atmosphere for many 
successive hours, are not stored in the geomag- 
netic field. This fact was established by a com- 
parison of data received from Pioneer V with 
polar cap absorption data acquired simultane- 

The energetic electrons in the earth's outer 
radiation zone arise from an acceleration mech- 
anism within the geomagnetic field rather than 
from direct injection of energetic electrons into 
the field. This conclusion was based on the 
fact that the flux of electrons of energies in the 
50-Bev range reached very high levels in the 
outer radiation zone, according to Explorer 
VI1 data, while few, if any, electrons of these 
energies were detected at Pioneer V.11 

Bremsstrahlung-producing radiation, evi- 
dently accelerated by solar activity, is present 
in interplanetary space during the periods of 
such activity.** Tliis type of radiation was de- 
tected by the proportional counter telescope on 
numerous occasions. 

ously.§ 

$ Arnoldy, R. L., Hoffman, R. A., and Wincklw, J. R., 
unpublished communication. 

$Fan, C. Y., Meyer, P., and Simpson, J. A., Journal 
of Geophysical Research, Vol. 65, No. 6, p. 1862, June 
1960. 

/I Arnoldy, R. L., Hoffman, R. A., and Winckler, J. R., 
Journal of Geophysical Research, Vol. 65, No. 9, p. 
3004, September 1960. 

**Fan, C. Y., Meyer, P., and Simpson, J. A., Physical 
Review Letters, Vol. 5, p. 269,1960. 



T H E  E A R L Y  Y E A R S  

The Geomagnetic Field-The termination of 
the geomagnetic field was observed at about 14 
earth radii on the daylight side of the earth, at 
least during periods of little geomagnetic ac- 
tivity.* The distance from the earth of this 
termination is considerably greater than that 
predicted by most theories. 

An anomaly in the geomagnetic field was ob- 
served at about 6 earth radii on the daylight 
side of the earth." This deviation from the as- 
sumed dipolar character of the field was sim- 
ilar to that observed with the earth satellite, 
Explorer VI, on the night side of the earth.? 
The anomalous component of the field is be- 
lieved to be produced by a ring current circling 
the earth with its axis parallel to the geomag- 
netic axis.$ 

The existence of rapid fluctuations in the geo- 
magnetic field between 10 and 14 earth radii 
was confirmed.§ This phenomenon was first 
observed with instruments aboard the space 
probe Pioneer I in October 1958.11 These fluc- 
tuations may be produced by the interaction of 
the geomagnetic field and the ionized particles 
therein with the interplanetary medium.** 

Magnetic Fields in Interplanetary Space- 
During periods of low solar activity, the inter- 
planetary magnetic field was found to be about 
2.7 X gauss and nearly perpendicular to the 
plane of the ecliptic. t t 

During periods of solar activity, fields greater 
than 50X gauss were observed. The direc- 
tion of the fields at such times could not be 
determined. The correlation of these increases 
in the interplanetary field with solar and terres- 

*Coleman, P. J., Jr., Sonett, C. P., Judge, D. L., 
and Smith, E. J., Journal of Geophysical Research, 
Vol. 65, No. 6, p. 1856, June 1960. 

t Sonett, C. P., Smith, E. J., Judge, D. L., and Cole- 
man, P. J., Jr., Pkysical Review Letters, Vol. 4, No. 4, 
p. 161, February 1960. 

2 Smith, E. J., Coleman, P. J., Jr., Judge, D. L., 
ana Sonett, C. P., Journal of Geophysical Re,search, 
Vol. 65, No. 6, p. 1858, June 1960. 

I Ooleman, P. J., Jr., Sonett, C. P., Judge, D. L., and 
Smith, E. J., JoiLnzal of Geophysical Reserch, Vol. 65, 
p. 1856,1960. 

11 Sonett, C. P., Judge, D. L., Sims, A. R., and Kelso, 
J. M., Journal of Geophysical Research, Vol. 65, No. 1, 
p. 55, January 1960. 

**Sonett, C. P., Pkysical Review Letters, Vol. 5, 
No. 2, p. 46, July 1960. 

Coleman, P. J., Jr., Davis, L., Jr., and Sonett, 
C. P., Physical Review Letters, Vol. 5, No. 2, p. 43, 
July 1960. 

trial effects leads the experimenters tu, conclude 
that these high fields accompany the plasma 
ejected from the sun during active periods. 
Further, these comparatively intense fields are 
believed to be responsible for the exclusion of 
galactic cosmic rays from regions of the solar 
system during Forbush decreases.$$ 

Measurement of the Astrorwmkal Unit-The 
astronomical unit, expressed in the terms of 
solar parallax, was found to be 8.79738 
I+0.00082 seconds of arc.$$ This result, deter- 
mined from the long-range tracking of Pio- 
neer V, is in good agreement with the value of 
8.79835 seconds of arc obtained by Rabe from 
optical observations of the asteroid Eros. 

Tiros I (7960p21 
Tiros I was launched into a near-circular 

orbit of 428.7 miles (690 km) perigee and 465.9 
miles (750 km) apogee on April 1, 1960. 
Shaped like a hat box, it was about 21 inches 
(48 cm) high and 42 inches (107 cm) in diame- 
ter and weighed about 270 pounds (123 kg). 
The top and sides were covered with solar cells, 
the primary source of power. Its main sensors 
were two TV camera systems. When viewing 
the earth vertically, one camera took pictures 
about 700 to 800 miles on the side, while the 
other took more detailed pictures about 80 miles 
on the side. Since it was spin-stabilized, the 
cameras could view the earth during only part 
of each orbit. Tape recorders made it possible 
to store pictures taken over areas distant from 
the United States and to read them out as the 
satellite passed over the command and data 
acquisition stations at Fort Monmouth, N. J., 
and Ka<ena Point, Hawaii. 

Tiros I had a useful lifetime of 78 days (in 
1302 orbits). On June 17, 1960, a stuck relay 
in the satellite drained the batteries; and con- 
tinued operation caused general failures. Dur- 
ing its operational lifetime, Tiros I provided 
22,952 pictures of the earth's cloud cover, of 
which an estimated 60 percent were of meteoro- 
logical interest. Weather patterns over the 
earth lying roughly between 50" N and 50" S 
latitude were photographed. These weather 

$$ Coleman, P. J., Jr., Sonett, C. P., and Davis, L., Jr., 
Journal of Geophysical Research, Vol. 66, No. 7, p. 2043, 
July 1961. 

I§ McGuire, J. B., Spangler, E. R., and Wong, L., 
Scientific American, Vol. 204, No. 4, p. 64, April 1961. 
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patterns, compared wi.th data provided by con- 
ventional observations, showed that the satel- 
lite data provided more complete and more 
accurate information than had been possible in 
the past. 

Studies of Tiros I pictures indicate that dis- 
tinct cloud vortex characteristics are probably 
associated with individual storm types. Strik- 
ing patterns of large spiral cloud formations, 
some as much as 1550 miles (2500 km) in diam- 
eter, were observed. Jet  streams, thunder- 
storms, fronts, and regions of moist and dry 
air were discernible in sume photographs. I n  
the absence of obscuring clouds, large ice packs 
were sometimes seen. 

cho 60cl) 
Echo I was a 30-meter-diameter, aluminized 

plastic inflatable sphere that wm placed into 

orbit on August 12, 1960. The initial 0rbita.l 
parameters were: period, 110.3 minutes; incli- 
nation, 47.2 degrees; perigee, 945 miles (1522 
km) ; apogee, 1049 miles (1689 km). The 
Mylar polyester sphere, including subliming 
powders, weighed approximately 150 pounds 
(68 kg) Initial inflation wm accomplished by 
the expansion of residual entrained air when 
the packaged sphere was ejected from the pay- 
load. Inflation was maintained by the use of 
subliming chemicals. The sphere carried two 
10-milliwatt tracking beacons, powered by 
chemical batteries and solar cells. 

The specific objectives of the launch were: 
to orbit a 100-foot-diameter, alumnized plastic 
sphere to be used as a passive reflector of eleetro- 
magnetic waves; to study the effects of the 
space environment on large area-to-mass-ratio 
structures ; to measure the refleotive character- 

Echo inflation test sequence. 
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istics of the sphere and the electromagnetic 
propagation characteristics of space; and to 
conduct experiments to determine the feasibil- 
ity of using such satellites as passive relays in 
worldwide communication systems. 

The principal communications experiments 
were conducted by the Jet Propulsion Labora- 
tory (JPL) station at Goldstone, Calif. ; the 
Bell Telephone Laboratory (BTL) station, 
H.olmde1, N.J.; and the Naval Research Lab- 
oratory (NRL) station, Stump Neck, Md. 
Goldstone and Holmdel carried out the first 
communication experiment ; JPL transmitted 
at 2390 Mc and received at 960.05 Mc; at the 
other end of the link, BTL received at 2390 Mc 
and transmitted at 960.5 Mc. Voice messages 
were transmitted over the two-way link uti- 
lizing wideband frequency modulation with 
special demodulation techniques developed by 
BTL. NRL received JPL transmissions at 
2390 Mc and transmitted at either 2390 or 
2390.4 Mc, using 2390 Mc when JPL was not 
transmitting and 2390.4 Me for differentiation 
from JPL transmissions when JPL was trans- 
mitting simultaneously. In  addition to experi- 
menting with voice modulation, tests were made 
with continuous wave “sine wave” modulation, 
eh., to provide further data for evaluation of 
the characteristics of the passive satellite trans- 
mission media. At a secondary priority on 
later passes of the satellite, experiments were 
conducted utilizing narrow-band phase modu- 
lation, narrow-band frequency modulation, and 
single sideband. 

Immediately after launch, and for a few days 
thereafter, beacon function was completely 
satisfactory. Suitable orbital elements were 
determined ; and the highly directional anten- 
nas at  NRL, JPL, and BTL were directed at 
the satellite to well within the required ac- 
curacies of 0.2,0.2, and 0.4 degree, respectively. 
After a period of time, orbital data points be- 
came increasingly uncertain because of several 
causes. The first of these was the failure of the 
battery system, which limited beacon power to 
that supplied directly by the solar cells. Con- 
sequently, the beacons could function only when 
the satellite was in sunlight. A secondary 
cause was the progressive darkening of the 
epoxy resin with which the solar cells were 

coated. This darkening was a design feature 
which would cause the cells to become inactive 
within a period of approximately 6 months to 
1 year, so that beacon transmissions would 
eventually cease. Finally, Echo I had changed 
its aspect with relation to the sun so that it 
passed through the earth’s penumbra for more 
extended periods. This development precluded 
beacon function, and the Minitrack orbital data 
were based on fewer data points with a con- 
sequent loss of accuracy. Antenna-pointing 
accuracy requirements no longer could be met. 
The Minitrack network stopped tracking Echo 
I on December 28,1960. 

Theory indicates that solar pressure affects 
orbital elements. Orbital eccentricity, which 
produces a change in perigee height, is pri- 
marily affected. The time when the satellite 
structure will actually reenter the earth’s dense 
atmosphere is not precisely predictable. Such 
a prediction is dependent on several intangible 
but important factors. Most significant among 
these are: (1) solar pressure, (2) atmospheric 
pressure, (3) effective cross-sectional area, (4) 
mass, and (5) orbital parameters. Each of 
these factors is dynamic in character and de- 
pendent on the others. Should perigee decrease 
to less than an estimated 474.3 miles (765 km) , 
atmospheric drag would increase markedly. As 
a result, the perigee would decrease in an ex- 
ponential manner, causing a relatively fast 
reentry. 

As predicted, Echo I survived the initial 
minimal perigee. It survived the second such 
period about January 1962. Predictions be- 
yond this point are dependent on continued ob- 
servations of the orbital elements. 

The communication path losses via the satel- 
lite during the early weeks agreed well with 
theoretical values. Immediately on coming out 
of the tenth (August 25,1960) eclipse with the 
earth, a small microwave scintillation was first 
observed; its amplitude was about 2 decibels 
peak-to-peak about the initial level of - 1 deci- 
bel. The magnitude of scintillations has grad- 
ually increased, At present, they are sometimes 
10 to 15 decibels in amplitude, with occasional 
fluctuations of 20 to 30 decibels. Since there 
is onIy about a 25-decibel safety margin in the 
communications path, it is apparent that the 
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signal drops below the receiver threshold for 
brief periods. For these reasons, the commu- 
nications path now may be considered sub- 
marginal. The average value of the fluctuation 
signals returned from the satellite are about 3 
decibels below the initial levels. Calculations 
indicate a reduction in the average cross sec- 
tional area of one-half of the original value. 
This corresponds to an average equivalent diam- 
eter of about 75 feet. 

Very significant information has been gained 
from Project Echo. It may be summarized as 
follows : 

1. The use of a sphere as a passive reflector 
has been effectively demonstrated. System and 
space transmission losses do not differ substan- 
tially from those anticipated. 

2. With good reflector sphericity there is no 
appreciable cross-polarization of reflected sig- 
nals. However, as wrinkling occurs, there are 
increasing cross-polarized signal components. 
Further analysis is required in this area. So 
far  there has been no bar to the adequate use 
of Echo I because of excess polarization. 

3. The uniquely large area-to-mass ratio of 
Echo I has made it possible to determine the 
effect of solar pressure on its motion, and a 
quantitative measure of such effects has been 
applied to orbit predictions. 

4. The whole complex of tracking, determin- 
ing orbits, and pointing narrow-beam antennas 
using computed drive tapes has been demon- 
strated successfully, so that a satellite can be 
used in synchronized fashion for communication 
relay between two remotely located sites. 

5. Radar cross-sectional measurements have 
been made in the satellite. They have indicated 
a gradual decrease in average area which, pres- 
ently, appears to be about one-half of the 
original value. 

6. The lifetime of the balloon as a sphere or 
near-sphere has been surprisingly long, refut- 
ing early calculations and estimates of collapse 
in the earth’s shadow and suggesting that bal- 
loon tension or electrostatic forces act more 
favorably than anticipated. 

Explorer Vlll 11960t1) 
This satellite was launched on November 3, 

1960, with the objective of studying the tem- 
poral and spatial distribution of ionospheric 

parameters by direct measurement. The 90- 
pound satellite was launched into an orbit of 
50-degree inclination with a 258 mile (415 Inn) 
perigee and a 1423 mile (2290 km) apogee. Spin 
stabilization at 30 rpm was used. Data trans- 
missions stopped on December 27,1960, the ap- 
proximate date estimated for exhaustion of the 
chemical batteries. No solar cells were used. 

The instruments included a radio frequency 
(RF) impedance probe for determination of 
electron concentration, four ion traps for meas- 
urements of positive-ion concentration and mass 
distribution, two Langmuir probes for measure- 
ment of electron temperature, an electric-field 
meter for determination of satellite charge dis- 
tribution, and two instruments for determining 
micrometeorite impacts. All instruments oper- 
ated continuously with the exception of the 
electric-field meter, which operated only by 
command. 

One of the micrometeorite detectors con- 
sisted of two microphones with a maximum de- 
tectable sensitivity of dyne-second and a 
dynamic range of 3 decades. This detector 
reported frequency and momenta of impacts. 
The second micrometeorite detector used a pho- 
tomultiplier tube with a lOOOA evaporated 
layer of aluminum on the window. Light 
flashes generated by micrometeorite impacts on 
the aluminum are translated into pulses of 
varying length and amplitude by the photomul- 
tiplier. The pulses are interpretable in terms 
of the kinetic energy of the impinging particle. 
Sensitivity was estimated to be sufficient to de- 
tect particles of < 10-15 gm having a velocity 
of 20 km/sec. 

The radiofrequency impedance probe experi- 
ment could be applied to the antenna upon com- 
mand, to study ion sheath effects. 

Two of the four ion traps were single-grid 
models and thus sensitive to photoemission. 
The remaining two ion traps were multiple-grid 
models not sensitive to photoemission. Com- 
parison of the data from the two experiments 
gives the magnitude of the photoemission 
current. 

The Langmuir probe measured both electron 
and positive-ion currents. The vehicle poten- 
tial can be deduced from the saturation value 
of the electron current. 

77 



THE E A R L Y  Y E A R S  

The electric-field meter was of the rotating- 
shutter type and capable of measuring fields up 
to 10,000 volts/meter. Its noise equivalent was 
less than 5 volts/meter and residual drift less 
than 5 volts/mter. 

This satellite successfully measured electron 
density and temperature ; positive-ion mass and 
density; and the momentum, energy, and spa- 
tial distribution of micrometeorites. 

Tiros I /  11960~7) 
Launched November 23, 1960, into an orbit 

of 'about 406 miles (625 km) perigee and 431 
miles (730 km) apogee, Tiros I1 was similar 
to Tiros I but carried, in addition, infrared 
sensors to observe the radiation from the earth 
and its atmosphere, and a magnetic coil for 
partial control of orientation. The magnetic 
coil was included on the basis of experience with 
Tiros I, whose spin axis had moved in an unex- 
pected manner (but fortunately remained more 
favorable for observations). These motions 
were caused by the interaction of an induced 
magnetic field in the satellite with the magnetic 
field of the earth. The new coil allows some 
control of satellite orientation and camera 
pointing. 

Presumably resulting from a malfunction as- 
sociated with the lens of the wide-angle camera, 
the picturas from this Tiros I1 camera failed to 
show the detail that was so striking in the Tiros 
I photographs. They did disclose large cloud 
masses or clear areas, and have proved useful 
in day-to-day weaher analyses and forecasting. 
The narrow-angle camera pictures are of ex- 
cellent quality. 

Prior to the launching of Tiros 11, 21 coun- 
tries were offered the necessary orbital data if 
they wished to conduct special meteorologicd 
observations to be correlated with the satellite 
observations. Ten of the 17 countries which 
indicated a desire to participate chose to pro- 

ceed with their programs even though the wide- 
angle camera picture quality proved poorer 
than expected. 

The measurements made by the infrared de- 
tectors on Tiros I1 are: temperature of the top 
of the water vapor layer (6.3~) ; surface tem- 
peratures or cloud-top temperatures (8--12p), 
which help to distinguish cloudy area6 at night; 
the amount of reflected radiation (0.2-5p) ; the 
amount of emitted radiation ('1-3Op) ; and low- 
resolution cloud pictures (0.5-0.7~). 

The magnetic orientation coil has, on several 
separate occasions, functioned as planned. The 
sensor instrumentation worked properly until 
mid- January, when a malfunction in the clock 
control system forced discontinuance of remote 
wide-angle pictures to reduce the danger of a 
power drain that would disable the entire satel- 
lite. Direct pictures are continuing. Satis- 
factory radiation signals also are continuing to 
be received, although in late January a signifi- 
cant degradation in the quality of the 6.3~- 
channel data was noted. 

The first Mercury-Redstone flight occurred 
Decem'ber 19, 1960. In  this flight, the capsule 
reached a peak altitude of 135 miles, a range of 
225 miles, and encountered 5v2 minutes of zero- 
gravity flight. The flight was a success. The 
capsule-control system, retrorockets, separation 
rockets, communications equipment, and recov- 
ery equipment functioned properly. The cap- 
sule was recovered soon after landing by a heli- 
copter dispatched from an aircraft carrier. 

Tracking, data acquisition, and communica- 
tions for this project was a responsibility of the 
Goddard Space Flight Center. 

Sounding Rockets 

Goddard Space Flight Center successfully 
launched numerous instrumented sounding 
rockets during the period January 1, 1960, to 
December 31,1960. 
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Feb. 16 

March 1 
3 

25 

April 23 
26 

27 

29 

May 25 

27 

June 6 
16 

24 

30 

July 8 
13 
21 

22 

Aug. 9 

Sept. 3 
3 

15 

19 

24 

GSFC Sounding Rocket Flights, 1960 

WI 

WI 
WI 

WI 

WI 
WI 

WI 

WI 

WI 

WI 

FC 
WI 

WI 

WI 

WI 
WI 
FC 

WI 

WI 

FC 
FC 

FC 

PMR 

FC 

Firimgt 

Site 
Vehicle' Project Scientist Experiment Results$ 

S 

X 

X 
X 

S 

Date Perform- 
snoe $ 

X248 Vibration teat 
Argo D-4 

2 T  

Aerobee 150 
1 T  

Jan. 26 I WI S GSFC/NRL/DRTE 

Medrow 

Hallam 
Hallam 

Medrow 

Rocket test 

Solar study 
Solar study 

Rocket test 

Nike-Asp 
1 s  
2 s  

Aerobee 150 
12 T 

Aerobee 150 
10 T 
4 G  

Nike-Asp 
3s  

Aerobee 150 
9 A  

Nike-Asp 
4 s  

Aerobee 150 
5 G  

Nike-Cajun 
17 E 
3 A  

Aerobee 150 
6 G  

Argo D-4 
7 E  

Medrow 
Kupperian 

Hallam 

Horowits 

Rocket test 
Stellar fluxes 

Solar study 

Atmospheric comp. 

Hallam 

Boggess 

Solar study 

Stellar fluxes 

X 

P 

S 
X 

S 

X 

S 
x 
S 

S 

S 

S 
S 

S 

S 

P 

Solar beam experiment (SBE 
Grenade 

Fichtel 
Nordberg 

Boggess 

Heppner 

Nordberg 
Nordberg 
Fichtel . 

Sorgnit 

Sorgnit 

S 
P 

S 

X 

S 
X 
S 

S 

S 

S 
S 

S 

S 

S 

Stellar fluxes 

Magnetic field 

Nike-Cajun 
4 A  
1 A  
18 E 

1 T  
Iris 

Grenade 
Grenade 
SBE 

Rocket test 

Nike-Asp 
28 T Rocket test 

Nike-Cajun 
19 E 
20 E 

Aerobee 100 
3 P  

1 E  
Argo D-8 

Fichtel 
Fichtel 

Baumann 

Naugel 

Baumann 

SBE 
SBE 

Arctic meteorology photo 

Nuclear emulsion recovery 
probe (AMPP) 

rocket (New I) 
Aerobee 100 

5 P  AMPP 

See footnotes at end of table. 
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Nike-Cajun 
21 E 

- 

Aerobee 150 
43 P 

Iris 2 T 

Nike-Asp 
29 T 

Nike-Cajun 
22 E 
23 E 
24 E 
15 E 
16 E 

14 A 

10 A 

Aerobee 150 

Nike-Cajun 

13 E 
14 E 
26 E 
27 E 

Aerobee 150 
11 s 

Aerobee 100 
1 1  
2 1  

- 
Argo D-4 

8 E  
Nike-Cajun 

6 A  
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GSFC Sounding Rocket Flighks, 1960-Continued 

Date 

Sept. 27 

Oct. 5 
18 

Nov. 3 

11 
11 
12 
12 
13 

15 

16 

16 
17 
17 
18 

22 

23 
27 

Dee. 12 

14 

*A-Aeronomy 
%Energetic particles & fields 
G-Galactic astronomy 
I-Ionospheric physics 
P-Special projects 

T-Test & support 
S-SOlSr physics 

Site 

FC 

FC 
WI 

WI 

FC 
FC 
FC 
FC 
FC 

WI 

WI 

F C  
FC 
FC 
FC 

WI 

FC 
FC 

WI 

WI 

Perform- 
anee # 

S 

S 
S 

S 

S 
S 
S 
S 
S 

S 

S 

S 
S 
S 
S 

S 

S 
S 

S 

S 

Project Scientist 

Fichtel 

NRL-Baumann 
Sorgnit 

Sorgnit 

Fiehtel 
Fichtel 
Fichtel 
Fichtel 
Fichtel 

Taylor 

Univ. of Mich.- 

Fichtel 
Fiehtel 
Fichtel 
Fichtel 

Dubin 

Stecher 

Whipple 
Whipple 

Heppner 

Nordberg 

Aeronomy 
Mass spectrometers were used on three 

flights. A daytime Aerobee flight on April 29 
from Wallops Island, Va., produced good qual- 
ity ion data. Good results were also obtained 
from a flight made on November 15 from Wal- 
lops Island. Measure of positive ion content 
and energies have led to the calculation of scale 
heights between altitudes of about 217 miles 
(350 km) and about 434 miles (700 km). 

Flight of Nike-Cajuns of July 8 and Decem- 
ber 14 from Wallops Island, the first of a series 

Experiment 

SBE 

AMPP 
Rocket test 

Rocket test 

SBE 
SBE 
SBE 
SBE 
SBE 

Atm. comp. 

Atm. comp. 

SBE 
SBE 
SBE 
SBE 

Stellar spectra 

Ionosphere 
Ionosphere 

Magnetic fields 

Grenade 

tWI-Wallops Island Va. 
FC-Fort Churchill' Canada 
PMR-Point ArgueUo Calif. 

#S-SuCCBssful 
P-Partial SUCCBSS 
x-unsuccessful 

Resultst 

S 

S 
S 

S 

S 
P 
S 
S 
S 

S 

X 

S 
S 
S 
S 

S 

S 
S 

S 

S 

to measure atmospheric winds and temperatures 
by means of the grenade technique, furnished 
usable data. 

Launchings were made from Fort  Churchill, 
Manitoba, to secure photogrammetric data in 
support of the meteorological satellite program. 
The objectives were: (1) to photograph a re- 
gion containing a large variety of clouds, but 
with some identifiable ground features, to be 
used for photogrammetry; ( 2 )  to evaluate films 
for future use in high altitudes for weather pho- 
tography; and (3) to test the recovery system 
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and evaluate it for future use in land or water 
recovery. All objectives were met. 

Ionospheric Physics 
Two Aerobee 100 rockets were launched in 

late November from Fort Churchill to obtain 
day- and night-time ion and electron densities 
and the electrical conductivity of the atmos- 
phere from about 12.4 miles (20 km) to about 
56.8 miles (90 km). 

Energetic Particles and Fields 
A Javelin rocket launched on December 12, 

1960, from Wallops Island carried the first 
rocket-borne, rubidium-vapor magnetometer to 
an altitude of about 719.82 miles (1161 km). 
The instrument gave accurate measurements 
over the entire trajectory. 

On September 19,1960, a Journeyman rocket 
was launched from the southern coast of Cali- 
fornia out over the Pacific Ocean to an altitude 
of about 1178 miles (1900 km). The payload 
consisted of a package of recoverable nuclear 
emulsions for studies of the flux and composi- 
tion of the particles in the inner Van Allen belt. 
The emulsions are being analyzed and already 
have shown that there is a flux of 10-Mev pro- 
tons, almost an order of magnitude higher than 
had been predicted. Ultimately, this flight will 
give the differential energy spectrum at eight 
altitudes in the inner belt. 

Fourteen Nike-C,a jun rockets carrying recov- 
erable nuclear emulsion payloads were launched 
from Fort Churchill during the summer and 
fall of 1960. Entitled the “Solar Beam Experi- 
ment,” this project had the object of perform- 
ing a detailed study of the high-energy particles 
arriving at the earth after a large solar disturb- 
ance. Seven of the rockets were launched to 
study the large solar flare that began on No- 
vember 12, 1960. Five of these payloads were 
recovered in excellent condition. The remain- 
ing rockets were launched over the course of the 
summer to establish normal background counts, 
to study auroral particles, and to study a weak 
polar cap dbsorption event. 

Brief descriptions of the individual flights 
follow. 

June 6,1960-This flight was to twt out the 
rocket recovery system and to obtain data dur- 
ing a period of low solar activity. Rocket per- 

formance was excellent. The payload was re- 
covered, and telemetry functioned. 

July $1, 1960-Aurora flight made to deter- 
mine what particles are present during an au- 
roral absorption event. Telemetry worked; no 
recovery. Telemetry data showed 0.3 erg/cm2 
sec ster of electrons (E220 kev) and a par- 
ticle flux J= 8 X 10 3 sec-l ster-l of electrons 
(E& 150 kev) . 

September 3,1960-Rocket was launched into 
a polar blackout. Recovery and telemetry 
worked satisfactorily. Data have been partid- 
ly reduced. It was shown that heavy par- 
ticles (2’-3) come from the sun during a solar 
flare. The proton energy spectrum was meas- 
ured down to about 1 MeV. 

September 3, 196)-Objective was same as 
above flight. Telemetry satisfactory; no 
recovery. 

September $7, 1960-This rocket was fired 
into a weak polar cap absorption event. Flux 
of protons was about ten times the normal 
cosmic ray background. 

November 11, 1960-Two rockets were 
launched into auroral absorption events. Sig- 
nificant numbers of protons and electrons were 
present. A very steep proton spectrum was 
observed. Emulsions have been analyzed. 

November la, 1960-This was the first rocket 
launched into the major polar cap absorption 
event caused by flares on November 10 and 12. 
This firing provided the first detailed data on 
the flux, composition, and energy spectrum of 
a major solar proton beam. 

November 12, 1960-This rocket was 
launched at peak intensity of the solar event. 
Telemetry satisfactory, but no recovery. 

November 13,1960-Another launching made 
during above event. Telemetry and recovery 
satisfactory. 

November 16, 1960-A rocket was launched 
after the event had reached its peak. Recovery 
and telemetry satisfactory. 

November 17,1960-This rocket was launched 
at midnight local time to study flux at night 
when riometer shows minimum. 

November 17, 1960-The sixth rocket 
launched during this event was to study time 
changes in the flux, energy spectrum, and com- 
position. Recovery and telemetry satisfactory. 
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November 18, I96O-This was the last rocket 
launched during this event. The solar flux was 
in final phase, characterized by low flux and 
f ew-if any-high-energy particles. Recovery 
and telemetry satisfactory. 

Astronomy 
An Aerobee 150A was launched on May 27 

from Wallops Island, Va., carrying a payload 
designed, to measure stellar fluxes at  2700A, 
2600A, and 2200A and to map and make in- 
tensity measurements of ultraviolet nebulosities 
at 1300A and 1216A. The instrumentation 
performed well, but the rocket did not despin 
and the primary objective was not met. Higli- 
quality airglow data were obtained, however. 

A repeat flight on June 24 reached an alti- 
tude of about 130.82 miles (211 Ian) with sat- 
isfactory despin. Excellent data were obtained 
on ultraviolet-stellar fluxes, including the first 
unambiguous recorded signal from a star at 
1300A. Information was also obtained on the 
nighttime ozone distribution and on the height 
of the ultraviolet airglow. 

On November 22,1960, an Aerobee 150A was 
launched from Wallops Island carrying instru- 
mentation to measure the intensity distribution 
of stellar spectra with 50A and lOOA resolution 
in the wavelength region 1300A to 4000A. 
Spectra were obtained with 50A resolution for 
a number of stars of varying spectral types over 
the 1700A to 4000A region. 

Rockets launched during the International 
Rocket Interval September 13 to 22, 1960, in- 
cluded the high-altitude nuclear emulsion re- 
coverable payload (Nerv) and one of the arctic- 
cloud-cover photography experiments . 

SUMMARY OF ACTIVITIES AND RESULTS 
FOR 1961 

New Results From Earlier Launches* 

The year 1961 saw published in finished form 
scientific results for which only preliminary 
announcements had been released on the basis 
of the rapid scanning of limited data. In the 
present summary, any fuller and later reports 

*Source : “United States Space Science Program,” 
prepared by the Space Science Board of the National 
Academy of Sciences, National Research Council, sub- 
mitted to the committee on Space Research 
(COSPAR) , Washington, D.C., May 1, 1962. 

that did not significantly change the earlier an- 
nouncements have been neglected. 

Tiros I 
Processing and research utilization of the 

nearly 23,000 Tiros I cloud pictures has con- 
tinued. I n  early July, positive and negative 
35-mm rolls of the ungridded Tiros I pictures 
were placed on sale by the National Weather 
Records Center, Asheville, N.C. 

Tiros II 
The operation of Tiros I1 continued during 

most of 1961, but with a more or less progressive 
deterioration in the quality of data obtained. 
The blackbody sensor of the wide-angle radi- 
ometer failed in March. Of the scanning 
radiometer channels, the 6 . 3 ~  channel had de- 
graded early in the year, the 7 to 30p channel 
in early April ; and no useful infrared data were 
obtained after April 23, 1961. The infrared 
electronics and tape recorder continued to func- 
tion, however, until the satellite was shut off 
in early December after more than a year in 
orbit. Except for temporary suspensions, the 
cameras had been programmed to operate reg- 
ularly until the Tiros I11 launch on July 12, 
1961, and from then until August 8, 1961, on 
an average of two orbits per day. Cloud pic- 
tures of operationally significant meteorologi- 
cal value were obtained in early August. After 
August 8, camera programming was on a spo- 
radic basis because of power limitations. The 
last pictures obtained, in November 1961, were 
still not completely useless although of obvi- 
ously degraded quality. A total of 36,156 pic- 
tures was obtained. 

The third pair of spin-up rockets was fired 
with partial success in mid-September 1961. 
The fourth pair was successfully fired on Sep- 
tember 28 after more than 10 months in orbit. 
The magnetic orientation coil worked well until 
late November 1961. I n  early December 1961, 
the satellite no longer appeared to be respond- 
ing to orientation coil commands and was so 
oriented that the sun shining on the base plate 
produced excessive heating and very little 
power. The beacons were shut off on Decem- 
ber 3, 1961. Although research analysis and 
utilization of the Tiros I1 infrared data are still 
only in early states, specific case studies have 
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clearly demonstrated the expected correlation 
between the 8 to 12p atmospheric window data 
and the concurrent patterns of cloud cover and 
cloud top altitude. 

During the fall of 1961, a Tiros ZZ R a d b  
twlz Data User's Manuul was published, along 
with volume I of the Tiros IZ Radiation Cata- 
log. Volume I of this catalog contains analyzed 
grid point data for fifty orbits of the Tiros I1 
scanning radiometer data.* 

Perhaps the most striking of the Tiros I1 pic- 
ture data were several examples of narrow- 
angle camera photographs of sea ice in the area 
of the Gulf of the St. Lawrence. One series of 
such examples was obtained in January 1961; 
the second in late March. The March pictures 
included coverage from the Gasp6 Peninsula 
to east of Newfoundland and show significant 
changes in the ice patterns, particularly in the 
vicinity oC Antimsti Island. 

Echo I 

Echo I provided data for air drag in the 
upper atmosphere at the altitude of its orbit. 
This belief has been substantiated. Thirty-fold 
diurnal changes in density in the upper atmos- 
phere at  the altitude of about 620 miles (1000 
km) , and the changes produced by solar disturb- 
ances on high-altitude atmospheric density, 
have been reported in the past year. The den- 
sity of the atmosphere at the altitude of the 
Echo I orbit has been calculated from the drag 
and is reported as about at about 620 miles 
(1000 km) altitude and about at  about 992 
miles (1600 km) altitude. In  another investiga- 
tion, the periodic effect of solar radiation pres- 
sure on the motion of Echo I could be easily 
observed because of its large area-to-mass ratio. 

An interesting use has been made of observa- 
tions of Echo I to acquire information on the 
ozone distribution in the atmosphere. An ex- 
perimenter reported that he found a maximum 
of ozone content to exist between 12.4 miles (20 
km) and 18.6 miles (30 km) altitude, with the 
number of molecules per cubic centimeter as 
2 X 1012/cm3 and decreasing to 10l1 molecules/ 

*The ilfanual, the Catalog. and copies of the mag- 
netic tape data tabulations for these fifty orbits are 
available from the National Weather Records Center. 

em3 at the altitude of 40.3 miles (65 km). An- 
other experimenter reported that he had used a 
special radar tracking technique to search for 
ionization surrounding Echo I but that he 
found no evidence of such ionization in the case 
of either Echo I or Sputnik I11 (1958 6). 
the reflective cross-sectional area of Echo I is 
measured periodically by radar ; the average 
cross section is approximately that of a perfect 
sphere 15 meters in diameter. 
Explorer Vlll 

The satellite, as mentioned before, was 
launched on November 3, 1960, with the objec- 
tive of studying the temporal and spatial dis- 
tribution of ionospheric parameters by direct 
observation. It transmitted data until De- 
cember 27, 1960. Explorer VI11 data have 
disclosed a number of interesting discoveries, 
which were reported in 1961. It measured the 
diurnal electron temperatures between altitudes 
of 244 miles (400 km) and 1364 miles (2200 
km), and fonnd the daytime temperature to be 
about 1800" K and the nighttime temperature 
to be about 1000° I(. In  its orbit it measured 
an electron concentration of 1.3 X lo4 electrons/ 
cm3. Its ion probe reported the mean mass of 
the ions as 16 atomic mass units, indicating the 
predominance of atomic oxygen in the ions. 
The ion density profile determined by Explorer 
VI11 up to 465 miles (750 km) was similar to 
that determined before but, in addition, showed 
the atmosphere to be isothermal. Another in- 
teresting and important result found by EX- 
plorer VI11 was the ratio of helium to hydrogen 
ions. Above 496 miles (800 km) the helium ion 
was found to be an important constituent of the 
ionosphere, and at the altitude of 1364 miles 
(2200 km) there was a heavy predominance of 
helium ions over hydrogen ions. This discovery 
explains the high densities reported by Echo I 
in its high-altitude orbit. The instruments 
carried by Explorer VI11 also revealed the 
spacecraft to be charged and, as the altitude of 
the craft increased, the negative charge changed 
to positive. 

Satellites Launched in 1961 

The following Goddard-managed satellite 
launches took place in 1961. 
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Echo prototypes. 

Explorer IX 11961511 
Explorer IX, a 12-foot inflatable sphere made 

of Mylar and aluminum foil, weighed 15 
pounds. It was launched on February 16,1961, 
for the purpose of obtaining atmospheric den- 
sities from drag measurements and went into 
orbit with a perigee of 395 miles, an apogee of 
1605 miles, and an inclination of 39 degrees. 
The tracking beacon carried by the sphere failed 
to operate after the sphere was placed in orbit; 
but optical tracking from the ground was suc- 
cessful. By means of this satellite, density of 
the atomosphere at an altitude of 434 miles was 
calculated from drag for comparison with 
values calcuated from Echo I at about twice this 
altitude. The sphere was sensitive to changes 
in the density along relatively small segments 
of its orbit and was thus able to reveal the effect 
of solar disturbances on upper-atmosphere 
density. 

The results obtained by Explorer IX, com- 
bined with those of Echo I and other satellites 
such as Vanguard I, showed that the upper 
atmosphere is a dynamic region of changing 
density caused by the diurnal variation of sun- 
light and by the smaller changes of energy as- 
sociated with solar disturbances. 

Explorer x 11961~1 
This spin-stabilized earth satellite, weighing 

about 79 pounds, was launched on March 25, 
1961, into a highly eccentric orbit with an 
apogee of about 186,000 miles located at an 
angle of 140 to 150 degrees from the sun-earth 
line, and a perigee of about 100 miles. 

The highly eccentric orbit was selected for the 
purpose of studying the properties of the mag- 
netic field and the solar-interplanetary plasma 
over a region extending from close to the earth 
out to a point where the effects of the earth’s 
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Explorer X, an interplanetary probe, launched March 
25,1961. 

magnetic field should be negligible. The scien- 
tific payload consisted of an extremely sensitive 
rubidium-vapor magnetometer, two flux-gate 
saturable-core magnetometers to measure the 
spatial and temporal variations of the geomag- 
netic and interplanetary fields, and a mulki-grid 
plasma probe to determine the flu%, energy 
spectrum, and directionality of very low energy 
protons in the plasma. Since the satellite was 
spin-stabilized, a sun sensor was used to provide 
information about the orientation of the instru- 
ments relative to the sun. Power to the satellite 
was provided by batteries having an active life 
of about 60 hours, sdicient to permit continuous 
measurements to,be made on the first outward 
pass to apogee. 

Quiet magnetic conditions prevailed prior to 
and during the first day of the satellite’s out- 
ward pass to apogee; solar activity was con- 
fined to Class 1 and 1- flares. However, at 
10:15 UT on the second day after launch, a 
Class 3 flare occurred near the east limb of the 
sun, producing disturbed magnetic conditions 
in the vicinity of the satellite and at the earth. 

Although detailed analysis of the data ob- 
tained is still being carried out, the experiment- 
ers have reported significant findings : 

Magnetic Fields*-The measured geomag- 
netic field between 1.8 and 5 earth radii over the 
South Atlantic Ocean was found to be less than 
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the computed fie1d.t The discrepancy was at- 
tributed to the existence of a field source having 
its maximum strength at an altitude between 1.8 
and 3 earth radii at  the geomagnetic equator. 
From 5 to 6.6 earth radii, the measured geomag- 
netic field was in agreement with the computed 
field. Superposition of the earth’s field and 
the interplanetary field was detected between 
11 and 19 earth radii. Beyond 19 earth radii 
the earth’s field was negligible. 

The interplanetary Geld between 20 and 21.5 
earth radii was found to be stable. However, 
its intensity was more intense than anticipated. 
The field was approximately radial from the 
sun. An abrupt change in the character of the 
interplanetary field was detected simultane- 
ously with the first detection of the solar inter- 
planetary plasma at 21.5 earth radii. Large 
fluctuations both in magnitude and direction 
were encountered for 5 hours after the onset of 
the abrupt change and were attributed to the 
passage of shock waves. 

When the satellite was at 37.1 earth radii, an 
increase in the interplanetary field intensity oc- 
curred at about the same time that a sudden 
commencement was observed at the earth’s sur- 
face, indioating that little if any delay was 
associated with the arrival of the sudden com- 
mencement disturbance at the earth’s surface 
from outside the earth’s field. 
Solar-Interplanetary PlaSww-The Ex- 

plorer X satellite provided the first experimen- 
tal observation of a plasma in interplanetary 
space.5 A strongly spin-modulated signal was 
present at all energies near the earth, from 1.3 
to 2.9 earth radii. The interplanetary plasma 
was first detected at 21 earth radii, and its pres- 
ence was confirmed out to 38.5 earth radii. 

Correlation of the plasma data with the mag- 
netic field data indicated that the presence of 
the plasma was coincident with a relatively 
weak field which fluctuated in magnitude and 
direction. Absence of a plasma mas associated 
with strong steady fields directed away from 

+Finch, H. F., and Leaton, B. R., Monthly Notices 
Roy. Astron. Roc., Geophys. Buppl., Vol. 7,  No. 6, p. 314, 
November 1957. 

$ Bridge, H. S., Dilworth, C., Lanarus, A. J., Lyon, E. 
F., Rossi, B., and Scherb, F. (Maswichudks Institute 
of Technology), “Plasma Measurements from Explorer 
X,” prwented at 1961 Kyoto Confmmce on CosmiO 
Rays m d  the Earth Btorm. 

*Heppner, J. P., Ness, N. F., Skillman, T. L., and 
Scearce, C. S., Goddard Space Flight Center Contribu- 
tions to  1961 Kyoto Conference on Cosmic Rays and 
the Earth Storm, 1961. 
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the sun. Large fluctuations in plasma intensity 
were detected between a minimum detectable 
value of less than 5X106 and about 1010/cm2/ 
secl. 

The energy spectrum of the positive particles 
was found to be peaked at 500 electron volts 
even though the shape of the energy spectrum 
showed large variations. The number density 
of the plasma protons ranged from 6 to 20 cm3. 

The plasma arrived from the general direc- 
tion of the sun. 
Explorer XI 17967vl) 

Explorer XI, the gamma-ray astronomy sat- 
ellite, was launched on April 27, 1961, into an 
orbit with an inclination of 28.8 degrees, a peri- 
gee of 304 miles, and an apogee of 1113.2 miles. 
Its period was 108.1 minutes. The objective of 
this satellite was the detection of extraterres- 
trial high-energy gamma rays, such as result 
from the decay of neutral T mesons. The ex- 
periment was designed to detect and map the 
direction and intensity of the galactic gamma 
rays above the earth’s atmosphere. Earlier bal- 
loon experiments had ‘been limited by the back- 
ground radiation produced in the residual 
atmosphere. 

Explorer XI resembled an old-fashioned 
street lamp with the payload constituting the 
lamp and the attached burned-out fourth stage 
the post. Before being put into orbit, the pay- 
load and the fourth stage were spun about the 
longitudinal axis at 6 cps, but the whipping of 
the external loop antennas and the nutation 
damper included in the satellite converted the 
rotation into an end-to-end tumbling that was 
desired for scanning the entire sky. Storage 
batteries carried the major portion of the power 
load. 

The instrumentation consisted of a gamma- 
ray telescope and sensing devices in the forward 
end of the payload. The latter reported the 
position of the satellite relative to the earth’s 
horizon and to the sun. The telescope consisted 
of a sandwich of scintillation crystals and of a 
Cerenkov detector contained in an anticoinci- 
dence shield. The use of crystals with different 
fluorescent decay rates-namely, CsI (Tl) and 
NaI( T1)-permitted differentiation between 
gamma rays and neutrons. When the instru- 
mentation W ~ S  not in the anticoincident mode, 

primary cosmic-ray protons could be observed. 
These particles are known energy and can be 
used as a calibration standard for the energy 
of the gamma rays. 

The  aluminum housing of the satellite, serv- 
ing as a micrometeorite shield, emitted secon- 
dary neutrons and gamma rays, the background 
counts from which could obscure the results if 
the intensity of celestial gamma rays was low. 

Explorer XI achieved too high an apogee 
and consequently reached into the inner Van 
Alleh belt, which masked the gamma-ray counts 
in that portion of the orbit. As a result, useful 
data were supplied only about, 5 percent of the 
time in orbit. Preliminary results of the an- 
alysis of these data have been given by the 
Massachusetts Institute of Technology, based 
on some 23 hours of useful observing time in a 
period of 23 days. 

During this period 127 events whieh could 
have been gamma rays occurred. Of these, 105 
were shown by analysis to have come from the 
direction of the earth and were presumably 
produced in the earth’s atmosphere; the remain- 
ing 22 came from a variety of directions. The 
analysis of arrival directions was complicated 
by the fact that all portions of the sky were not 
scanned for the same length of time. There- 
fore, use was made of an idealized model of the 
galaxy. It was assumed to be a disk 100,000 
light years in diameter and 1000 light years in 
thickness, filled uniformly with a gas of one 
hydrogen atom per cubic centimeter, having a 
cosmic-ray density equal to its value in the vi- 
cinity of the earth. By means of this model, 
“predicted” intensities were used to evaluate an 
expected number of counts in eaoh of the cells 
into which the sky was divided. Comparison 
of the “predictions” with the observations 
showed a good degree of consistency with re- 
gard to spatial distribution and to the number 
of events. The results are consistent with a 
source strength of gamma rays in the galaxy 
of the order of 10-24cm-3sec-1. 
Tiros M I  17967~71 

This satellite was launched on July 12, 1961, 
into an orbit with a 48.2-degree inclination, an 
apogee of 506.44 miles, and a perigee of 461.02 
miles. Both TV cameras were of the wide-angle 
type. Tiros I11 was basically the same as Tiros 
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I1 except that a third set of infrared sensors, de- 
veloped by V. Suomi of the University of Wis- 
consin, was added; these sensors, very much 
like his experiment on Explorer VII, consisted 
of two pairs of hemispheres (each pair consist- 
ing of one black and one white hemisphere), 
mounted on mirrors, on opposite sides of the 
spacecraft. 

The satellite was commanded from, and data 
were acquired at, stations located on St. Nicb 
olas Island, Calif., and Wallops Island, Va. 
An auxiliary command (only) station at San- 
tiago, Chile, permitted obtaining more hurri- 
cane and other cloud picture data over the tropi- 
cal Atlantic Ocean than would otherwise have 
been possible. 

Tiros I11 has proved a worthy successor to 
the earlier satellites in the series, especially with 
regard to the discovery and tracking of Atlantic 
hurricanes and Pacific typhoons. The cloud- 
picture data from these and other weather 
situations were made available for operational 
weather analysis and forecasting through 
internationally disseminated operational neph- 
analyses. 

On more than 50 separate occasions, Tiros I11 
photographed tropical cyclones in all stages of 
development. Five hurricanes (Anna through 
Esther, inclusive) and one tropical storm were 
seen in the Atlantic; two hurricanes and a tropi- 
cal storm were seen in the ,data-sparse region 
of the Pacific of Baja, Calif. Typhoons Kathy 
through Tilda, nine storms in all, were followed 
in the central and western Pacific. 

On a single day (September 11, 1961), Tiros 
I11 photographed Hurricanes Betsy (in a dis- 
sipating stage), Carla (as it hit the Texas 
coast), and Debbie; discovered the tropical 
storm later designated as Hurricane E&her; 
and photographed Typhoons Nancy and 
Pamela. 

One of the two Tiros I11 cameras ceased op- 
eration on July 2’7,1961, apparently because of 
a stuck shutter, confirming the desirability of 
redundant wide-angle cameras,. Some deteri- 
oration of the quality of the TV pictures of the 
second camera was noted as early as the second 
week in August, and became progressively 
worse from then on. Routine preparation of 
operational nephanalyses was stopped in late 

November 1961, when the picture quality b- 
came too poor. Few nephanalyses were trans- 
mitted after that date, and archiving of the 
pictures was terminated. The tape recorder on 
the m n d  camera ceased to function on De- 
cember 5, 1961, preventing further data q u i -  
sitiion in remote mode. It was possible to resume 
direct picture taking in early January 1962, 
but quality remained poor and the pictures were 
of little, if any, practical value. Over 35,000 
pictures were obtained through the end of De- 
cember 1961. 

Degradation of the 6 . 3 ~  and 7 to 30p infrared 
channels was noted as early as August 5,1961. 
No useful infrared data were obtained after 
October 30,1961 ; for several weeks before then, 
about 50 percent of the data were lost because 
of problems with the tape recorder playback 
mechanism. 

Explorer XII, an energetic particles satellite, launched 
August 15, 1961. 

Explorer XI1 17967~11 
Explorer XII, the energetic particles satel- 

lite, was launched on August, 15: 1961, in an 
orbit with a perigee of 180 miles, an apogee of 
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47,800 miles, and an inclination of 33 degrees. 
The highly eccentric orbit permitted measure- 
ments both in interplanetary space and inside 
the earth’s magnetosphere. About 90 percent 
of the time of the satellite was spent in the Van 
Allen belt region. The objectives of this satel- 
lite were to describe the protons and electrons 
trapped in the Van Allen radiation belts; to 
study the particles coming from the sun, in- 
cluding the occasional very intense bursts of 
high energy protons which present a hazard to 
manned flight; to study the cosmic radiation 
from outside the solar system; and to correlate 
particle phenomena with the observed mag- 
netic field in space about the earth. Although 
Explorer XI1 had been expected to supply use- 
ful data for a period of one year, it ceased 
reporting on December 6,1961. 

Explorer XI1 was octagonal in shape, 19 
inches from side to side, and 27 inches long 
including a magnetometer boom. It carried 
four laterally extended paddles, carrying solar 
cells. Prior to injection into orbit, the satellite 
and third stage were spun to 150 rpm for stabi- 
lization. After burnout of the third stage, a 
yo-yo despin device slowed the rate down to 
31 rpm. Further despinning to 18 rpm oc- 
curred a . ~  the solar paddles were extended just 
prior to separation of the spacecraft from the 
third stage. 

Seven experiments were carried in the satel- 
lite : 

1. A proton analyzer was used to measure the 
proton flux and distribution of energies in the 
space beyond 6 earth radii. Although the mass 
of the particles was not measured, the particles 
were assumed to be protons, since the latter 
probably constitute at least 85 percent of the 
positive-ion population in space. 

2. A three-core flux-gate magnetometer, sen- 
sitive to a few gammas, was used to measure the 
earth’s vector magnetic field at distances of 3 
to 10 radii. 

3. The trapped-radiation experiment (four 
Geiger counters and three CdS cells) measured 
the fluxes and energies of particles emitted by 
the sun and galactic cosmic rays, as well as 
trapped Van Allen belt particles. 

4. The cosmic-ray experiment monitored cos- 
mic rays beyond the effect of the earth’s mag- 

netic field during the apogee portion of the 
orbit. The instrumentation consisted of a dou- 
ble telescope for cosmic rays, a single crystal 
detector of energetic particles, and a Geiger- 
Mueller telescope for cosmic rays. The group 
of instruments was capable of obtaining data on 
the flux of moderate to very energetic protons 
1 to 700 MeV, on the flux of low-energy alpha 
particles, and on the differential spectrum of 
proton energy. 

5. An ion-electron detector was carried to 
measure particle fluxes, types, and energies in 
and above the Van Allen belts. This device 
consisted of a photomultiplier tube coated with 
a powder phosphor, ZnS (Ag) , in combination 
with absorbing screens for the detection of en- 
ergetic particles and with a scattering block 
for the detection of electrons. The energy flux 
could be measured for protons with energies be- 
low l MeV and for electrons below 100 kev. 

6. An experiment was carried to determine 
the deterioration of solar cells resulting from 
direct exposure to the radiation in the Van 
Allen belts, and to compare the effectiveness of 
glass filters in preventing degradation of solar 
cells. 

7. An optical aspect experiment was carried 
to determine the orientation in space of the 
spacecraft as a function of time. Six photo- 
diodes gave the position of the spin axis of the 
satellite relative to the sun’s elevation with 
an accuracy of’about 5 degrees in azimuth and 
elevation. 

The launch occurred as planned, and all ex- 
periments functioned normally until December 
6, 1961, when the satellite ceased transmitting; 
telemetry coverage of nearly 100 percent was 
maintained until then. By September 12 the 
spin rate of the satellite had increased from 
the initial value of 27.8 rpm to 28.63 rpm as 
a result of the solar-radiation pressure on the 
solar cell paddles. The unprotected cells in 
the solar cell experiment suffered a major deg- 
radation when the spacecraft passed through 
a point of high proton concentration in the 
Van Allen belts. Degradation for the test cell 
patches covered by glass was not noticeable. 

The instrumentation carried in this satellite 
indicated that the level of electron flux in the 
outer Van Allen belt was about three orders 
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lower than what had previously been considered 
to be present. The ion-electron detector, which 
was capable of measuring protons of low en- 
ergy, showed that protons are present in the 
outer Van Allen belt, which had at one time 
been believed to be populated only by electrons. 
The instrumentation on board this satellite de- 
tected electrons out to a boundary at 8 earth 
radii, with a maximum flux at 6 to 7 earth 
radii. 

Explorer Xlll  (7961x11 
The effects of micrometeoroids or cosmic dust 

in collisions with spacecraft, and the likelihood 
of collisions, are unknown, but the possibility 
that the particles constitute a hazard to travel 
in the space environment is very real and must 
be investigated. The micrometeoroid satellite, 
Explorer XIII, was designed to provide an 
improved estimate of the danger of penetra- 
tion of spacecraft by cosmic dust by securing 
direct measurements of the puncture hazards 
in spacecraft structural skin specimens at satel- 
lite altitudes. In  addition, the satellite car- 
ried instruments to measure micrometeorite flux 
rates and to obtain data regarding the erosion 
of spacecraft materials. 

The satellite was launched on August 25, 
1961, but failed to obtain a high enough peri- 
gee. All the data collected during its 2% days 
of life were telemetered during 13 minutes of 
time. 

Explorer XI11 carried a group of experi- 
ments installed around the fourth stage of a 
Scout launcher. The satellite was cylindrical 

in shape, 76 inches in length, and 24 inches 
in diameter; the overall weight was about 187 
pounds. Five types of detectors were carried. 
One consisted of a battery of pressurized cells 
in which the presure was released upon punc- 
ture. I n  the second type, foil gauges showed 
impact of micrometeorites by a change in re- 
sistance. A third type of experiment showed a 
change of resistance in wire grids when a wire 
was broken by impact. Another detector used 
CdS photoelectric cells which detected the light 
transmitted through the eroded holes in alu- 
minized Mylar sheets. The fifth experiment 
recorded impacts on piezoelectric crystals. 

The satellite was spin-stabilized during the 
last stage of burning. It was expected that 
interaction of the satellite with the magnetic 
field of the earth would cause the original spin 
to turn into a tumbling motion after 10 days. 
Two separate telemeters were used for stor- 
ing and telemetering data. Both used God- 
dard's Minitrack telemetry and coding system. 

Sounding Rockets Launched in 1961 
Goddard Space Flight Center successfully 

launched 69 sounding rockets carrying scientific 
instrumentation during the period January 1, 
1961, to December 31,1961. Degree of success 
breakdown is at follows : 

49-Successful 
'I---Qualified success 
3-Failure directly attributable to rocket 
8-Failure of experiment 
2-Failure to recover where total experi- 

ment depended on recovery 
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Electron Density Profile Probe 
An electron density profile probe (P-21) 

was launched on October 19, 1961, from Wal- 
lops Island by means of a Scout rocket in a 
nearly vertical trajectory. The achieved alti- 
tude was 4261 miles. The payload itself was 
in the form of an eight-sided frustrum and 
weighed 94 pounds. The heat shield had been 
selected for low electrical conduotivity, to per- 
mit an attempt to use the stored antennas dur- 
ing the propulsion period. 

The flight of the probe was about 2 hours 
duration. It was launched near middiay at a 
time when the ionosphere appeared quiet. The 
payload was spin-stablized about its axis before 
fourth-stage separation. Telemetry of the 
swept-frequency RF probe data made use of 
the 73.6-Mc frequency. The instrumentation 
carried consisted of: (1) a continuous-wave 
(CW) propagation experiment to measure the 
ionosphere profile; (2) an RF probe experi- 
ment to measure the ionospheric electron den- 
sity, especially at altitudes above 620 miles 
where data are particularly scarce; and (3)  a 
swept-frequency probe to provide information 
on the power absorbed by electron pressure 
waves. Two CW signals were transmitted 
from the rocket to the ground, one at 12.27 Mc 
and one at 73.6 Me, controlled to an exact 6-to-1 
ratio. Comparison of the two frequencies for 
Faraday rotation gave the columnar electron 
density in the path traversed by the beam; this 
experiment was of value only during the ascent 
of the rocket and only below 2480 miles. The 
R F  probe experiment made use of the relatively 
new R F  probe, and this particular unit had 
the dual p u r p e  of providing information on 
electron densities in the ionosphere and infor- 
mation concerning the behavior of the probes 
themselves. It was planned to calibrate the 
R F  probe during axcent to 2480 miles by means 
of the CW experiment and to use the pmba 
measurements for the remainder of the flight. 
The R F  probe made use of a capacitor in which 
the dielectric constant of the gas between the 
plates was affected by the ionization of the gas. 
Comparison of the capacity of the probe when 
in the ionosphere and when outside supplied 
the information necessary to determine electron 
density in the ionosphere. The swept fre- 

quency probe was a parallel-plate condenser 
exposed to the ionosphere. An R F  voltage of 
constant amplitude was supplied to the capaci- 
tor and was varied over the frequency range 
from 1 to 10 Me. The changes in reactive and 
resistive loading during .the frequency sweep 
were used to calculate the electron density in 
the capacitor and to obtain a value for the 
energy absorbed in the gas as a function of 
frequency . 

Following the planned trajectory, the pay- 
load performance was excellent. The envi- 
ronmental measurements were successful in 
providing good information on vehicle per- 
formance. However, the scientific experiments 
were a qualified success. The c71r prapagation 
experiment was handicapped by the disturb- 
ance created in the ionosphere by the rocket 
discharge, and this prevented calibration of 
the R F  probe. The R F  probe, while limited 
thereby in its usefulness, yielded basic informa- 
tion concerning the theory of operation of the 
probe. The high-frequency CW signal at  73.6 
Mc functioned all through the flight and fur- 
nished data for the electron density profile, 
but with a lower accuracy than that expected 
if all equipment had functioned fully. The 
electron density as measured above the iono- 
sphere was lower than that expected on the 
basis of a knowledge of the underside of the 
ionosphere. Thus, although the low values ob- 
tained by the probe cannot be accepted as highly 
accurate, they are important. The fact that 
the gases from the rocket could disturb trans- 
mission in the ionosphere to such an extent is, 
in itself, an important finding. 

SATELLITE AND SOUNDING ROCKET PROGRAM 
IN 1962 

Satellite Launches 

Tiros IV (7962,871 
This satellite was launched on February 8, 

1962, into an orbit with a 48.29 degree inclina- 
tion, an apogee of 525 miles, and a perigee of 
471 miles. One of the TV cameras was a stand- 
ard Tirm wide-angle type; the second carried 
a Tegea Knoptik lens not previously used on 
Tiros. I n  the scanning radiometer, the 7 to 
30p sensor has been dropped to provide a chan- 
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Orbiting Solar Observatory, launched March 7, 1962. 

ne1 for picture-timing data. Beacon frequen- 
cies have been transferred from the 108-Mc 
to the 136-Me band. Otherwise, the satellite 
was basically the same as Tiros 111. Vidicon 
picture transmission ceased on June 11, 1962, 
after some 30,000 pictures were transmitted. 

060 I(1962411 
The Orbiting Solar Observatory satellite, 

designed for the study of radiations from the 
sun with instrumentation located above the 
earth’s (atmosphere, was launched on March 7 ,  
1962. OS0 I weighed about 440 pounds. It 
reached an orbit with an apogee of 369 miles 
and a perigee of 343.5 miles, an inclination of 
32.8 degrees, and a period of 96.15 minutes. 
The measurements included ultraviolet radia- 
tion studies using narrow-band detectors, 
gamma-ray experiments to study solar emis- 
sion in the 0.1 to 500 MeV region, neutron flux 
measurements from the earth and the sun, and 
studies of the time variation of solar ultravio- 
let, x-ray, and gamma-ray emissions. An in- 
strument obtained spectrum and spatial varia- 
tions in the 1A and 1OA radiation region as the 
instrument’s look-angle scanned across the 
inner corona and the solar disk. Gamma rays 
in the 0.1 to 5 MeV region were detected by a 
combination of scintillation counters. An elec- 
tronic pulse height analysis of the counter 
pulses yielded the energy spectrum of the rays. 
To measure gamma rays in the 100 to 500 MeV 
region, a Cerenkov detector viewed from four 
directions by multiplier tubes in con junction 
with an anticoincidence scintillator was used. 

The neutron experiment, using BF, counters, 
monitored the neutron flux from the earth and 
the sun. One objective of this experiment was 
to determine whether the lower radiation belt 
arises from the decay of neutrons emitted Rom 
the earth. 

The satellite consisked of a spinning portion 
for gyroscopically stabilizing the payload in 
space and a servo-driven instrumentation sec- 
tion providing azimuth and partial elevation 
control. This instrumentation section was ori- 
ented within 1 minute of arc. It housed about 
173 pounds of instrumentation requiring a 
stabilized view of the sun for operation. Addi- 
tional instrumentation was carried in the spin- 
ning wheel portion of the satellite. Power for 
the servo-systems and the instruments was fur- 
nished by solar cells and rechargeable chemical 
storage cells. On May 22, 1962, 77 days after 
launch, OS0 completed its useful life. It had 
made 1138 orbits and observed more than 75 
sun flares and subflares. 

Ariel I 1196201) 
On April 26, 1962, at approximately 1300 

aST, the first international satellite was 
launched as a joint United Kingdom-United 
States project. The satellite was designated as 
Ariel I, the International Ionosphere Satellite. 

Ariel I, launched April 26,1982. 
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Ariel I was designed to contribute to man’s 
knowledge of the ionosphere and its complex re- 
lation to the.sun. 

This project developed from proposals made 
in 1959 to NASA by the British National Com- 
mittee on Space Research. Them proposals 
were in response to a United States offer to the 
Committee on Space Research (COSPAR) of 
the International Council of Scientific Unions 
to launch scientific experiments or complete 
satellites prepared by scientists of other nations. 
The content of the program and the division of 
responsibility between NASA and the British 
Committee were agreed during discussions that 
took place in late 1959 and early 1960. Sub- 
sequently, the NASA Administrator assigned 
project responsibility for the United States to 
the Goddard Space Flight Center. 

This assignment included the design, fabrka- 
tion, integration, and testing of the spacecraft 
structure, power supply telemetry, command 
receiver, thermal control, and data storage. 
GSFC supplied the vehicle, was responsible for 
launch, performs data acquisition via the world- 
wide Minitrack network, and provides data 
processing. The United Kingdom (U.K.) had 
the responsibility for the design, fabrication, 
and testing of all flight sensors and their asso- 
ciated electronics up to the telemetry encoder 
input. The U.K. also is responsible €or data 
analysis and interpretation. 

A list of the experiments and electronic sub- 
systems is as follows. 

Experiments 

Electron Temperature and Demity-Uni- 

This experiment, based on Druyvesteyn’s 
modification of the Langmuir probe, will debr- 
mine the value of the electron density and 
temperature near the satellite. 

Zon Mass Composition and Temperature- 

This experiment is, basically, the same a,s the 
electron temperature experiment. However, 
the method of measuring the temperature is 
different. 

versity College L o d m  

University College London 

Sohr Lyman-Alpha Embsion Measure- 
ment-University College London 

Two parts of the solar spectrum were selected 
for measurement: the Lyman-alpha line of 
hydrogen, and the rather hard x-ray spectrum. 
The function of the two solar radiation measure- 
ments is to enable simultaneous and nearly 
continuous observations of the state of the 
ionosphere and of the solar atmosphere. 

X-Ray Emissio+-university colbge 
Lolzdon 

This experiment provides an indication of 

Solar Aspect Measurement--University 

The solar aspect subsystem provides the 
latitude and longitude of the sun in the satellite 
coordinate system. Also, the subsystem pro- 
vides the satellite spin rate. 

solar conditions. 

College London 

Cosmic Ray Analyzer-Imperial College 

The purpose of this experiment is to make 
accurate measurements of the primary cosmic 
ray energy spectrum and the effects of inter- 
planetary magnetic field modulation of this 
spectrum. 

Zonosphere EZectron De.nsity Measure- 
ment-University of Birmingham 

The measurement of electron density is per- 
formed by this expkriment, and by the Lang- 
muir probes of the University College London. 
However, the two methods of measurement are 
quite different and therefore complement one 
another. 

Electronic Subsystems 

Telemetry-Goddard Space Plight Center 
Data Encoders-Goddard Space Flight 

Center 
Tape Recorder-Goddard Space Flight 

Center 
Power Xystern-Goddard Space Plight 

Center 
Spacecraft Parameters (Hozcsekeeping) 

System-Godd~rd Space Flight Center 
Spacecraft and orbital characteristics are 

London 

detailed in the following list. 

95 



T H E  E A R L Y  Y E A R S  

Scientific Instrumentation 

Electron temperature and density sensors 
Ion mass sphere (1) 
Solar radiation detectors, Lyman-alpha 

Solar aspect meter (1) 
Electron density sensors (1) 
X-ray counters (1) 

1216A (3) 

Spacecraft Characteristics 

Size, basic structure-23 inches O.D. by 

Weight136 pounds 
Spin rate-36 to 12 rpm throughout life 
Lifetime-1 vear 

inches high 
22 

Power-p-on-n solar cells and nickel-cadmium Tiros V is mated to second stage of launch vehicle. 
batter& 

Data Storage-100-minute tape recorder 
Antenna-modified crossed dipole 
Tracking and data frequency--136.408 Mc 

Orbit Parameters 
nominal 

Perigee-242.1 miles 
Apogee-754.2 miles 
Inclination-53.86 degrees 
Period-100.9 minutes 
Eccentricity-0.057 

Tiros V (7962A-a7) 
Tiros V was launched on a Delta vehicle from 

the Atlantic Missile Range ( AMR) on June 19, 
1962. Weighing 285 pounds, it contained two 
TV cameras, one having a 104-degree lens and 
the other a '76-degree lens. The wide-angle 
coverage averaged about 600,000 square miles- 
the medium angle lens covering 232,000 square 
miles. 

Its infrared radiation sensors were inopera- 
tive at  launch; the medium-angle lens camera 
functioned until July 6, 1962, when a random 
failure in the electrical system caused it to cease 
operations. 

During the first three months of operation 
Tiros V produced over 20,000 usable photos cov- 
ering the first half of the 1962 hurricane season. 
Tape recorders stored TV pictures taken over 
areas distant from the two primary command 
and data acquisitions stations at Wallops 

Tiros V liftoff from Gape Canaveral, June 19, 1962. 

Island, Va., and the Pacific Missile Range 
(PMR) , San Nicolas, Calif. 

The primary objective of the Tiros project 
was the development of a system capable of 
viewing the earth's cloud cover, surface, and 
atmosphere by means of TV cameras and radia- 
tion sensors. Ground stations acquired the col- 
lected data from the satellite; this information 
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was subsequently processed for meteorological 
purposes. 

Orbita2 elements-Perigee, 367 miles; apogee, 
604 miles; and period, 100.5 minutes. 
Rezrhw of Partial AccompliShments of Tiros 

Tiros 1: 
Program- 

1. Number of usable frames received-l9,389 
2. Facsimile nephanalyses received-333 

(a) Exact figures on number of charts 
transmitted are not available 

3. A few descriptions partially in plain 
language and partially in coded form were 
sent over the teletype. There is no record 
of which passes or of the total number of 
passes described 

Tiros 11: 
1. Number of usable frames received-25,574 
2. Facsimile nephanalyses received455 

(November 23,1960-August 18,1961) 
(a) Number retransmitted405 

3. Coded nephanalyses transmitted (ap- 

Tiros 111 (July 19 through October 30,1961) : 
prox.) -295 

1. 
2. 

3. 

4. 

5. 

6. 

7. 

8. 

Number of usable frames received-24,000 
Facsimile nephanalyses received-755 

(a) Number retransmitted-744 
Coded nephanalyses via teletype (approx.) 

Satellite storm advisories issued-70 
(Includes messages to Mexico, Guam, 

Japan, Philippines, Formosa, Hong Kong, 
Meuritius, Miami, San Juan, New Orleans, 
San Francisco, Honolulu) 
Suggested adjustments to NMC anal- 
yses-76 
Hurricanes observed : Anna, Betsy, Carla, 
Debbie, Esther, Frances 
Typhoons observed : Kathy, Lorna, Marie, 
Nancy, Pamela, Ruby, Sally, Tilda 
Projects supported : 

-665 

Project Mercury 
Ranger 
Discoverer 
Firing of Long Tom Meteorological 
Rockets in Australia 
Antarctic resupply mission 
U.S. Navy operations in South 
American waters 

A Wallops antenna that receives video signals from 
Tiros V. 

Tiros IV (February 8 through June 19, 1969) : 
1. 
2. 

3. 

4. 

5. 

Number of usible frames received-23,370 
Facsimile nephanalyses : 

Wallops 1s.-621 

Total number retransmitted-795 

Total number received--836 

PMR-215 

Coded nephanalyses via teletype : 
Total-694 

Wallops 1s.-621 

Programming & Processing Section- 
PMR-133 

333 
Satellite storm advisories issued-102 

(Includes messages to Japan ; Malagney 
Republic ; Meuritius ; Republic of South 
Africa; Seattle; San Francisco; Los An- 
geles; Honolulu; USAF Air Weather 
Service detachments in Hawaii, Guam, 
and Japan ; New Zealand ; Australia ; 
Chile; Miami; San Juan; and Argentina) 
Number of adjustments suggested and 
made in analyses of the National Meteoro- 
logical Center. Includes following types : 

- 89 (a) Frontal positions adjusted 
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6. 
follo 

(b) Frontal vanes added or position 

(c) Surface pm 

(d) 500 mb cenbrs adjusted - 5 
((1) 50 mb troughs adjusted - 2 

79 
Tiros IV  was programmed to support the 
'wing projects : 

(a) TIRIC 
(b) Joint Task Force 8 
(c) Ranger 
4 d) Univ. of Wisconsin research on ice- 

covered lakes 
(e) Discoverer launch and horizon sen- 

sor check 
(f) California water survey of U.S. 

Weather Bureau-pictures of 
snow on Sierras 

( g )  USAF-AWS detachment, Adana, 
Turkey operational purposes 

(h) USAF-AWS detachment 1, 
1st W, J a p a n-J a p a n- 
operational purposes 

(i) USAF-AWS 3rd Weather 
Wing-eoverage of Asia 

( j )  Project Bright Cloud-AFORC- 
ORD research program to study 
coincident aircraft photography, 
ground radar photography, and 
nros pictures. 

adjustmi - 8  

jusbd or added - 25 

- 

(k) Project Mercury 
(1) Antarctic Resupply M3ssions- 

nephanalysis charts covering 
southern Indian O w n  areas 
were transmitted by U.S. Navy 
directly to McMurdo Sound, 
Antarctica. D a i 1 y composite 
nephanalysis charts were mailed 
daily to the International Ant- 
arctic Analysis Center, Mel- 
bourne, Australia. 

(m) Australian rocket firing-Long 
Tom Meteorological Rockets 
were fired near Woomera on 
May 30 in conjunction with a 
Tiros pass. 

(n) University of Miami research proj- 
ect investigating radarscope 
photography. 

Tiro8 8: 
Tropical Storms: A m  (PacZic off West 

Typhoons : Opal, Bath, Sarah, Thelma 
Coal&) 

Tiros V photographed the votsx of a stom MY the 
northeast coast of Newfoundland, June 19, 1962, 
1 : 48 p.m. DDT. 

Telstar I I1 962A-d) 
The success of Project Echo, a pasdve com- 

munications satellite, led to the initiation of an 
mtiue satellite development and construction 
program by the American Telephone and Tels- 
graph Company ( AT&T) . 

It WM implemented under a cooperative 
agreement between AT&T and NASA. Under 
two terms of this agreement, Goddard Space 
Flight Center was made responsible for: pro- 
curing, testing, and launching a Delta vehicle 
to orbit the Telstar spcecraft; verifying the 
qualifications of the spacecraR; and integrat- 
ing it with the launch vehicle. I n  addition, 
GSFC provided acquisition data and telemetry 
tapes for a period of 2 months after launch. 
The AT&T bore all costs of its own activity 
under the cooperative project and reimbursed 
GSFC for costs incurred by the Government in 
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supporting the Telstar project. Telstar was 
launched July 10,1962. 

Many communications experiments with this 
satellite have been highly succe"rr;ful and have 
received worldwide acclaim. 

Telstar I, launched July 10,1%32. 

As a result of the successful performances of 
this experimental satellite, considerable public 
and official interest was aroused. This led to 
legislation (Public Law 87-624, 87th Congress, 
Aug. 31, 1962), to provide for the establish- 
ment, ownership, operation, and regulation of 
a commercial communications satellite system." 

Tires v/ (7962A-qI)  
Launched September 18,1962, Tiros VI had 

as objectives the study of cloud-cover and earth 
heat balance, and the measurement of radiation 
in selected spectral regions as part of a program 
to develop meteorological satellite systems. In- 
strumentation included two TV camera sys- 
tems (78-degree and 104-degree lens), clocks 
and tape recorders for remote operation, infra- 
red and attitude sensors, ,and magnetic altitude 
coil. The medium-angle camera failed on De- 
cember l, 1962, after taking 1074 pictures. 

Aloueffe 17962B-all 

Alouette, a swept frequency topside sounder, 
was a project of the Canadian Defence Re- 
search Board. This project was a part of 
NASA's Topside Sounder Program. It was 
the first NASA satellita to be launched from 

*See Appendix D, exhibits 15 and 16. 

99 

the Pacific Missile Range. It was the first 
spacecraft designed and built by any other coun- 
try than the U.S. and U.S.S.R. Among its 
objectives were : measurement of the electron 
density distribution in the ionosphere between 
180 and 620 miles, study of variations of elec- 
tron density distribution under varying condi- 
tions, determination of the electron densities in 
the vicinity of the satellite, and observations of 
related physical phenomena. Launch was 
made September 29,1962. 

Explorer XIV ( 7 962B-Y 7 1 
The Energetic Particles Satellite was 

launched on October 2, 1962, and contained a 
cosmic-ray experiment, an ion detector experi- 
ment, a solar cell experiment, probe analysis, 
a trapped radiation experiment, and a magne- 
tometer experiment. Its objectives were to de- 
scribe the trapped corpuscu1,az radiation, solar 
particles, cosmic radiation, and the solar winds 
and to correlate the particle phenomena with 
the magnetic field observations. 

Explorer XV ( 7  962B-hl) 
This satellite was launched October 27,1962, 

for the purpose of studying the new artificial 
radiation belt created by nuclear explosions. 
It acclaimed experiments in electron energy 
distribution, an omnidirectional detector, an 
angular distributor, directional detector, ion- 
electron detector, a magnetic field experiment, 
and a solar cell gauge. Good data were received 
from this satellite. 

Relay 17962B-ull 
Relay was launched December 13, 1962. It 

contained an active communications repeater 
to receive and retransmit communications be- 
tween the U.S. and Europe, and an experiment 
to assess radiation damage to solar cells. Its 
objectives were to investigate wideband com- 
munications between ground stations by means 
of low-altitude orbiting spacecraft. Communi- 
cations signal to be evaluated was an assort- 
ment of television signals, multi-channel te- 
lephony, and other communications. The 
wideband stations uwd were : Rumford, Me. ; 
Pleumeur-Bodon, France; Goonhilly, England; 
Weilhelm, W. Germany. Narrowband stations 
were: Nutley, N.J., and Rio de Janeiro, Brazil. 
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Early experience with this satellite further 
demonstrated the feasibility of such a s y s h  of 
communications. 

instrumentation during the period from Janu- 
ary 1, 1962, to December 31, 1962. Degree of 
success breakdown is as follows : 

'Sounding Rockets, 1962 47-sucxessful 
Goddard Space Flight Center successfully 

launched '70 sounding rockets carrying scientific 
5-Partially sucessM 

18-Unsuccessful 

A closeup of the sounding rocket used in the first joint flight effort by the United States and Japan. 
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Experiment 

Attitude control 

1962 Sounding Rocket Flights 

1 Firing I 
Result: 

S 

W I  

Aerobee 150A 
GT 

Aerobee 150A 
GG 

Argo D4 
AI 

Aerobee 150A 
NP 

Jan. 13 

Feb. 7 

7 

17 

Stellar spectra 

Ionosphere 

X 

X 

Atm. structure 

Sodium 
Grenade 
Sodium 
Grenade 

X 

S 
S 
S 
S 

WI 
WI 
WI 
WI 

____- 

S 
S 
S 
S 

Sodium 

Electron temp. 

Atm. Structure 

ELF electron trap 

S 

S 

S 

P WI 

WSMR 

S 

S 

Sea recovery 

Atm. structure 

S 

S 

Project Scientist Vehicle* I Date I Sitet I h;Wr- 1 
WI I s Russell 

I-- 
WI X Stecher 

Jackson 

S Lewis Research Center 
(LRC) -Dillon 

Zero G S 

Nike-Cajun 
UA 

Nike-Cajun 
CA 
GT 
GA 
GT 
CA 
GA 

Aerobee 150A 
GA 

Nike-Cajun 
CA 
GA 
CA 
GA 

Nike-Cajun 
NA 
GA 

Nike- Asp 
CA 

Nike-Cajun 
GI 

Irk 
GA 

Argo D4 
GI 

Aerobee 150 

U. of Mich.-Dubin X Atm. structure l- 20 

GCA-Smith 
Donn 
Smith 
Donn 
GCA-Smith 
Smith 

Sodium vapor 
Water launch 
Grenade 
Water launch 
Sodium vapor 
Grenade 

March 1 
1 
2 
2 
2 
2 

WI 
WI 
WI 

~ WI 

19 WI X U. of Mich-Spencer 

23 
23 
27 
28 

GCA-Smith 
Smith 
GCA-Smith 
Smith 

Ozone 
Grenade 

S 
S 

Apr. 5 
17 

17 

26 

WI 
WI 

S 
S 

LRC-Potter 
Smith 

WI S GCA-Smith 

WI j s 
-- 

Serbu 

WI 1 P May 3 

3 

8 

Taylor 

Serbu 

Jet Propulsion Lab. 
(JPL)-Brown. 

Serbu 
Serbu 
Schaeffer 

Radar I NP 

Nike-Cajun 
GI 
GI 
UA 

Aerobee 150A 
GI 

16 
17 
18 

WI 
WI 
WI 

S 
S 
S 

Electron temp. 
Electron temp. 
Massenfilter 

Pressly WI S 25 

Nike- Apache 
UA June 6 

w1 I U. of Mich.-Spencer 

See footnotes at end of table. 
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1962 Sounding Rocket Flights-Continued 

Vehicle* 

Nike-Cajun 
GA 

Nike-Asp 
CA 
CA 

Nike-Cajun 
GA 

Nike-Apache 
GI 

Aerobee 150A 
NP 
us 
us 

Aerobee 150 
NP 

Aerobee 150A 
us 

Aerobee 150A 
GT 

Nike-Apache 
CA 

Aerobee 100 
NA 

Argo D8 
UR 

Aerobee 150A 
GG 
CG 

Nike-Apache 
GI 

Aerobee 150A 
UG 

Nike-Cajun 
GI 

Nike-Asp 
CA 

Aerobee 150A 
I1 

Nike-Cajun 
GA 

Aerobee 150A 
NP 

Aerobee 100 
NA 

Aerobee 300 
GA 

Date 

June 7 

7 
7 

8 

15 

20 
29 

29 

July 10 

24 

Aug. 8 

23 

Sept. 6 

22 

22 
30 

Oct. 16 

30 

Nov. 7 

7 

16 

16 

18 

20 

20 

Firing 

sitet 

WI 

WI 
WI 

WI 

WI 

WI 
WI 

WI 

WSMR 

WI 

WI 

WI 

WSMR 

WI 

WI 
WI 

WI 

WI 

WI 

WI 

WI 

FC 

WI 

WSMR 

WI 

Perform- 
ance % 

S 

S 
X 

S 

S 

S 
S 

S 

S 

S 

P 

P 

S 

S 

S 
S 

S 

S 

S 

S 

X 

X 

S 

X 

S 

Project Scientist 

Smith 

GCA-Smith 
GCA-Smith 

Smith 

Kane 

LRG-Flagge 
Johns Ropkins Univ. 

(JHU)-Depew 
JHU-Depew 

JPL 

U. of Colorado 

Russell 

Lockheed Aircraft Corp. 

JPL 

U. of Mich. 

Stecher 
Lockheed Aircraft Corp. 

Bauer 

u. of wise. 

GCA 

GCA 

Australia 

W. Smith 

LRC 

JPL 

Brace 

Experiment 

Grenade 

Sodium 
Sodium 

Grenade 

Ionosphere 

Zero G 
Airglow 

Airglow 

Radar 

Sunfollower 

Attitude control 

Atm. structure 

UV airglow 

Radio aatronomy 

Stellar photo 
Night sky mapping 

Ionosphere 

Stellar studies 

Ionosphere 

Sodium 

Ionosphere 

Grenade 

Zero G 

UV airglow 

Thermosph. probe 

Result t 

S 

S 
X 

S 

S 

P 
S 

S 

X 

P 

P 

X 

S 

S 

X 
S 

S 

S 

S 

S 

X 

X 

S 

X 

S 

See footnotes at end of table. 
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Vehicle. 

- 

Aerobee 150A 
us 

Nike-Cajun 
CI 

Nike-Apache 
CA 

Nike-Apache 
GI 
UA 

Nike-Cajun 
GA 
GA 

Nike- Apache 
AA 

Nike-Cajun 
GA 
GA 

Nike-Apache 
AA 

Nike-Cajun 
CI 

Nike- Apache 
CA 

Nike-Cajun 
GA 
GA 

Aerobee 
I1 
UA 

1962 Sounding Rocket Flights-Continued 

Nov. 27 

30 

30 

Dec. 1 
1 

1 
1 
1 

4 

4 

4 

5 

5 

6 
6 

11 
13 

F u i g  

Sitet 

WSMR 

WI 

WI 

WI 
WI 

WI 
FC 
Eglin 

WI 

FC 

Eglin 

WI 

WI 
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Project Scientist 

Harvard Univ. 

GCA 

GCA 

Bauer 
U. of Mich. 

W. Smith 
W. Smith 
AF Cambridge Research 

W. Smith 

W. Smith 

AFCRL 

GCA 

GCA 

W. Smith 
W. Smith 

Australia 
JHU 

Lab. (AFCRL) 

Experiment 

Solar 

Ionosphere 

Sor'rl:m 

Ionosphere 
Atm. structure 

Grenade 
Grenade 
Sodium 

Grenade 

Grenade 

Sodium 

Ionosphere 

Sodium 

Grenade 
Grenade 

Ionosphere 
Airglow 

*Note : The letters which follow each vehicle identification 
identify (1) the instrumenting agency, and (2) the experi- 
ment, according to the following list : 
(11 Anenczr ( 2 )  lGmaerilnent \-, - - -  ." \-, --r- 
A - O t h e r  government agency A-Aeronomy 
C-Industrial corporation &Biological 
D-DOD E-Energetic Darticltm and 

I-International G-Galactic astronomy 
N-Other NASA centers I-Ionospheric physics 
U-College o r  university P-Special projects 

R-Radio astronomy 
S - S o l a r  physics 
T-Teat and support 

Grenades 
The launch of a series of rocket grenades 

resulted in obtaining much useful data in meas- 
uring wind and temperature, and in deriving 
density and pressure from 90 to 100 km. 

Zero G Experiments 
These experiments with sounding rockets 

were instrumented to deterrnine heat-transfer 
coefficients under conditions of a spherical low 
radiant heat input and zero gravity. The in- 

tWI-Wallops Island, Va. 
WSMR-White Sands Missile Range 
F C 4 o r t  Churchill, Canada 
Eglin-Eglin Air Force Base 

Result2 

X 

S 

S 

S 
S 

S 
X 
X 

X 

S 

S 

S 

P 

S 
S 

X 
x 

strumentation performance produced generally 
satisfactory results. 
Ionosphere 

Several experiments were conducted to meas- 
ure electron density and electron temperature. 
Profiles of electron density under various con- 
ditions were obtained. 
Sodium Vapor 

The objectives of these experiments were to 
measure upper atmospheric winds and diffusion 
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THE E A R L Y  Y E A R S  

rates. Considerable data of value were ob- 
tained through optical observation of perform- 
ance and radiosonde technique. 

On April 26, 1W2, the Japanese electron temperature 
experiment was launched from Wallops Island by a 
Nike-Cajun rocket. 

Electron Trap 
Experiments in this field were for the pur- 

pose of studying the intensity and distribution 
of radio noise from the galaxy at extremely 
low frequency and for measuring the electron 
temperature and the charge density as a func- 
tion of altitude in the lower ionosphere. The 
Langmuir probe experiment conducted by 
GSFC ,and the R F  resonance probe experiment, 
conducted by the Radio Research Laboratory, 

Tokyo, Japan, constituted a joint effect to meas- 
ure electron temperature simultaneously by 
independent techniques. 
Other Rocket Grenade Experiments 

Experiments with sounding rockets by GSFC 
during 1962 were: 
AB experiment to test the water recovery sys- 

tem. This system performed as expected, and 
the unit was considered suitable for satellite use. 

Experiments to determine sky glow were for 
the purpose of observing, in a previously un- 
observed region of the spectrum, the night sky 
emissions and of measuring their intensity as 
a function of altitude. Instrumentation per- 
formance was excellent. 

A sounding rocket was launched for the pur- 
pose of measuring the energy distribution of 
early type stars. Observations were made of 
several stars during this flight, but detailed data 
reduction will require considerable time. 

A coordinated series of sounding rocket gre- 
nade experiments was made to obtain data on 
pressure, density, and temperature up to 120 
km; to obtain ion composition data through the 
use of a new ceramic RE’ ion spectrometer; 
and, by using the pitot static technique, to me=- 
ure pressure density and temperatures. 

An experiment to help map night sky sources 
which emit photons in the 6A to 0.68 wave- 
length interval produced quite satisfactory 
results. 

Other sounding rockets measured the inten- 
sity of R F  energy at medium frequencies origi- 
nating previously in our galaxy, measured the 
composition and density of the atmosphere 
from 95 km to peak altitude through the use 
of the Paul Massenfilter, measured ultraviolet 
day airglow spectrum in the wavelength be- 
tween 1650A and 3000A, simultaneously meas- 
ured electron and neutral particle temperature8 
in the altitude region of 120 to 360 km, studied 
the wavelength profile as a function of altitude, 
and tested the rocket attitude control system of 
the 150A Aerobee rocket. 
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E 

In concluding a preliminary historical a- 
count of the early years of the Goddard Space 
Flight Center, detailed analysis and evaluation 
must await the processes of much scientific col- 
lation and the passage of time. Yet the people, 
plant, and programs of the Goddard Center, 
integrally a part of the fast-paced U.S. space 
program, are dedicated to the acquisition of 
newly accessible scientific knowledge of the 

vast space environment-of inevitable signifi- 
cance to the understanding of mankind on 
earth. This central idea of the scientific explo- 
ration of space was expressed by the Director 
of Goddard Space Flight Center, Dr. Harry J. 
Goett, as follows : 

“The characteristic of space science 
is such that it spreads across many 
disciplines, and a very broad segment 

Splash crater on the moon. 
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of the scientific fraternity is helping 
unravel the meaning of the new scien- 
tific data being brought back from 
outer space. You must recognize the 
efforts of the orbital qeahanicians, 
physicists with various areas of spe- 
cialization, astronomers, geologists, and 
geodists in the analysis of the r e  
sults . . . Each of these disciplines 
is finding that it has a new frontier. 
New areas of research are being 
created by the data which rockets and 
satellites provide. We mrely have just 
started to realize their potentials. 

“The job of putting together the 
cosmic jigsaw of space from the bits 
and pieces of data obtained from our 
satellites is one that engages the effort 
of many people throughout the scien- 
tific community; and this jigsaw 
puzzle goes togebher so gradually that 
Bere are no singular events which 

merit a headline. There are Nobel 
prizes in the making, but it is going 
to be diflicult to determine who should 
get the medal.”” 

Goddard’s hopes for the future may best be 
summed up by quoting from an address by the 
Hon. Jmes E. Webb, Administrator, National 
Aeronautics and Space Administration : 

“Technological advances through 
our space effort will, I am convinced, 
bring us total benefits exceeding those 
of any other scientific and technical 
undertaking in history, dwarfing every 
previous opening of new territories 
and new knowledge.”t 

*Scientific Exploration of Space,” by Dr. Harry J. 
Goett, as presented before the Aviation and Space 
Writers Association, at San Francisco, California, on 
May 25,1962. (See Appendix C.) 

+Address by James E. Webb, Administrator, Nation- 
al Aeronautics and Space Administration, at the Webb 
School Alumni Association Testimonial Dinner, Los 
Angeles, California, April 26,1962. 
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Man, being the servant and interpeter of Nature, can do and 
understand so much and so much only as he has 
observed in fact or in thought of the course of 
nature: beyond this he neither knows anything 
nor can do anything. 

-Francis Bacon 
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GODDARD SPACE FLIGHT CENTER SATELLITE AND 
SPACE PROBE PROJECTS AS OF DECEMBER 1962 
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Goddard Space Flight Cenbr Satellites and 

Designation 

Explorer VI 
1969 Delta I 

03-21 

Vanguard I11 
1959 Et8 

Explorer VI1 

(8-18) 

Aug. 7,1959 

%pt. 18, 1959 

Ict. 13, 1959 

Silent 

Dct. 6,1959 

Dee. 12,1959 

iug. 24,1961 

Launch 
Vehicle and 

site 

l’hor-Able 

AMR 

Vanguard 

4MR 

‘uno I1 

LMR 

Objectives 

Measure three specific radiatior 
levels of earth’s radiation belts 
test scan for earth’s cloud cover 
map earth’s magnetic fleld 
measure micrometeorites; stud3 
behavior of radiowaves. 

Measure the earth’s magnetic 
field, x-radiation from the sun 
and several aspects of the spacx 
environment through which the 
satellite travels. 

Variety of experiments, including 
solar ultraviolet; x-ray; cosmic. 
ray, earth radiation and mi. 
crometeor experiments. 

Instrumentation 

~ 

Equipment to measure radiation 
levels; TV-type scanner; micxo- 
metmite detector; two type8 of 
magnetometer; and devices for 
space communication experi- 
ments. 

Proton precisional magnetometer, 
ionization chambers for solar x 
rays, micrometeor detectors, 
and thermistors. 

Sensors for measurements of 
Earth-Sun heat balance; Ly- 
man-dpha and x-ray solar radia- 
tion detectors; micrometeor d e  
tectors, Qeiger-Mueller tubes 
for cosmic-ray count; ionization 
chamber for heavy cosmic rays. 

Period 
Minutes 

12% hours 

130 

.01.33 
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Spam Probe Projects as of Decembecr 1962 

I Orbital Elements Projeet Man 
ager and 
Projeet 

Scientist 

Dr. John C. 
Lindsay 

Dr. John C. 
Lindsay 

H. LaQow 

Experiment 

Triple coincidenee 
telescopes 

Bcintfition counter 

Ionization chamber 
Qeiger counter 

Spin-coil 
magnetometer 

Fluxgate 
magnetometer 

Aspect sensor 

Imagemanning 
television system 

Micrometeorite 
detector 

Proton magnetometer 

Ionization chambers 

Environmental 
measurements 

Thermal radiation 
balance 

Solar x ray and 
Lyman-alpha 

Heavy cosmic 
radiation 

Radiation and 
solar-proton 
observation 

Qround-based 
ionospheric 
observations 

Micrometeorite 
penetration 
experiment 

Experimenter 

J. A. Simpson 
C. Y. Fan 
P. Meyer 

T. A. Farley 
A. Rosen 
C. P. Sonnett 

r. Winckler 

E. J. Smith 
D . L. Judge 

P. J. Coleman 

Dr. J. P. Heppner 

K. Friedman 

K. E. LaQow 

V. Suomi 

E. Friedman 
R. W. Kreplin 
T. Chubb 

Q. Qroetzinger 
P. Schwed 
M. Pomerantz 

J. Van Allen 
Q. Ludwig 
E. Whelpley 

Q. Swenson 
Dr. 6. Little 
Q. Reid 
0. Villard, Jr. 
W. Ross 
W.Dyke - 
H. LaQow 

U. of Chicago 

Space Technology 
Laboratories 

U. of Minn. 

STL 

STL 

STL 

STL 

Cambridge 
ResearchISTL 

QSFC 

NRL 

QSFC 

u. of Wisc. 

NRL 

Martin do. 

Bart01 Research 

St. U. of Iowa 

u. of Illinois 
Nat. Bu. of Stand. 
U. of Alaska 
Stanford Univ. 
Penn State Univ. 
Lfnfield Res. Inst. 

QSFC 

Remarks 

Orbit whieved. All experiments 
performed. Fir& complete tele- 
vised cloud-cwer picture ob- 
tained. Detected large ring of 
electrical current circling Eartb; 
complete map of Van Allen radi- 
ation belt obtained. 

Weight: 142 Ib 

Power: Solar 

Orbit achieved. Provided com- 
prehensive survey of earth mag- 
netic fieId over ares covered; 
surveyed location of lower edge 
of Van Allen radiation belts. 
Accnrate count of micrometeorite 
impacts. 

Weight: 100 Ib including attached 
3rd stage 

Power: Battery 

Orbit achieved. Provided signifi- 
cant geophysical information on 
radiation and magnetic storms; 
demonstrated method of con- 
trolling internal temperatures; 
mt mierometeorite penetration 
of a sensor in flight. 

Weight: 91.5 Ib 

Power: Solar 
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Goddwd Spam Flight Center Satellike and Space 

Instmmentation Objectives 
Period 

Minutes 

311.6 days 

Date 
Launch 

Vehicle and 
Site 

Thor-Able 

AMR 

-- 
Thor-Able 

AMR 

Thor-Delta 

AMR 

Silent 

June 26,1960 

June 12,1960 

Designation 
Launch 

Pioneer V 
1960 Alpha 

Mar. 11,1960 

4priI 1, 1960 

Investigate interplanetary s p m  
between orbits of Earth and 
Venus, test extreme long range 
communications, study metho& 
for measuring astronomical dis. 
tances. 

High-intensity radiation counter 
ionization chamber, Geiger. 
Mueller tube tomeasureplasmas 
Cosmic radiation, 8nd charged 
solar particles. Magnetometel 
and micrometeorite temperaturt 
measurements. 

Test experimental television tech. 
niques leading to eventual 
worldwide meteorological in 
formation system. 

One wide and one narrow angk 
camera, each with tape recordel 
for remote operation. Picturc 
data can be stored on tape 01 
transmitted directly to gouna 
stations. 

Tiros I 
1960 Beta 

(A-1) 

99.1 

118.3 Two Minitrack tracking beacons 
on sphere. 

Echo I 
1960 Iota 

4ug. 12,1960 Still in orbit Plm 1oO-ioot inflatable sphere 
into orbit. 

Investigate the ionosphere by di 
rect measurement of positive io1 
and electron composition; colleci 
data on the frequency momen. 
turn and energy of micrometeor. 
ites impacts; establish the atti. 
tude of the base of the exosphere 

vov. 3, 1960 

Qov. 23,1860 

Dec. 28,1960 Juno 11 

AMR 

RF impedance probe using a 20 
foot dipole sensor; single grid io1 
trap; four multiple-grid io1 
traps; Langmuir probe experi 
ment; rotating shutter electric 
5eld meter; micro plier; micra 
meteorite microphone; thermis 
tors for reading internal anc 
surface temperatures of tht 
space craft; 8nd despin m e c b  
nisms to reduce spin from 4W tc 
30 rpm. 

112.7 Explorer VIII 
1960 xi 

(8-30) 

Test experimental television tech- 
niques and infrared equipment 
leading to eventual worldwide 
meteorological information sys- 
tem. 

hcludes one wide and one nar- 
row angle camera, each with 
tape recorder for remore opera. 
tion; infrared sensors to map 
radiation in various spectral 
ban& attitude sensors; experi- 
mental magnetic orientation 
control. 

Tiros II 
1860 Pi I 

(A-2) 

Feb. 7,1901 Delta 

AMR 

B.2 
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Probe Projech as of December 1962-ContinUed 

I Orbital Elements 

Apogee 
(Statutemiles 

Aphelion 92.3 
million fron 
Sun.  

465.9 

1049 

1423 

131 

Project Man 
ager and 
Project 

Scientist 

Dr. John C. 
Lindsay 

Dr. John C. 
Lindsay 

W. Q. Strouc 
(QSFC) 

E. Butler 
(Army) 

Robert J. 
Mackey 

Robert E. 
Bourdeau 

Robert E, 
Bourdeau 

Dr. R. 
Stampfl 

Experiment 

Triple coincidence 
proportional countc 

Cosmic-ray telescope 
Searchail magnetox 

eter and photo- 
electric cell aspect 
indicator 

Ionization chamber 
and Q-M tube 

Micrometeorite 
counter 

TV camera systems 
(2) 

RF impedance 

[on traps 

Langmuir probe 

Sotating-shutter elm 
trio field meter 

Micrometeorite 
photomultiplier 

Micrometeorite 
microphone 

CV camera systems 
(2) 

Videfield radiometer 
experiment 

!canning radiometer 
experhent 

Experimenter 

J. Simpson 

D. Judge 

J. Winckler 

E. Manring 

J. Cain 

R. Bourdeau 
ct. Serbu 
E. Whipple 
1. Donley 

R. Bourdeau 
13. Serbu 
E. Whipple 
1. Donley 

1. Donley 

M. Alexander 
K. McCracken 
0. Berg 

M. Alexander 
K. McCracken 

Dr. W. Nordberg 

Dr. R. A. Hanel 

Affiustion 

U. of Chicago 

STL 

U. of Minn. 

AFCRC 

QSFC 

QSFC 

3SFC 

3SFC 

3SFC 

3SFC 

3SFC 

3SFC 

Remarks 

Highly sueeessful exploration of 
interplanetary space between 
orbits of Earth and Venus; 
established communication rec- 
ord of 22.5 million m h  on 
6/26/60, made measurements of 
solm flare effects, particle energies 
and distribution, and magnetic 
field phenomena in interplan& 
taw space. 

Weight: 94.8 lb 

Power: Solar 

Provided 1st global cloud-cover 
photographs (22,952 total) from 
near-circular orbit. 

Weight: 270 lb 

Power: Solar 

Demonstrated use of radio reflector 
for global communications, nu- 
merous suooessful transmissions. 
Visible to the naked eye. 

Weight: 132 Ib (including infiation 
powder). 

Power: Passive 

Measured the electron density 
temperature, ion density and 
composition, and charge on the 
satellite in the upper ionosphere. 
The micrometeorite influx rate 
was measured. 

Weight: 80.14 Ib 

Power: Battery 

Orbit achieved. Narrow-angle 
eamera and IR instrumentation 
sent good data. T r m d t t e d  
36,156 pictures. Still operative. 

Weight: 2771b 

Power: Solar 
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Goddard Space Flight Center Sabllites and Space 

Date 
Launch 

Vehicle and 
site 

Period 
MlnUtes Objectives Designation 

Launch Silent 

Explorer IX 
1961 Delta I 

(8-56s) 

Feb. 16,1961 Study performance, StNCturd 
integrity, and environmental 
conditions of Scout research 
vehicle and guidance controls 
system. Inject Matable sphere 
into earth orbit to determine 
density of atmosphere. 

Radio beawn on balloon and in 
fourth stage. 

Passive 
satellite 

Mar. 27,1961 

scout 

Wallops 
Island 

Thor-Delta 

AMR 

118.3 

112 hours Explorer X 
1961 Kappa 

(P-14) 

Mar. 25, I961 Gather definite information on 
earth and interplanetary mag- 
netic flelds and the way these 
flelds alTect and are affected by 
solar plasma. 

Includes rubidium-vapor magne- 
tometer, two fluxgate magne- 
tometers, a plasma probe, and 
sn optical aspect sensor. 

Apr. 27,1961 Dec. 6,1961 Juno 11 

AMR 

108.1 Orbit a gamma ray astronomy 
telescope satellite to detect 
high energy gamma rays from 
cosmic sources and map their 
distribution in the sky. 

Gamma ray teleswpe consisting 
of a plastic scintillator, crystal 
layers, and a Cerenkovdetector; 
sun and earth sensors; micro- 
meteorite shields; temperature 
sensor; damping mechanism. 

Explorer XI 
1961 Nu I 

(8-15) 

Tiros I11 
1961 Rho I 

(A-3) 

Develop satellite weather obser- 
vation system; obtain photos ol 
of earth’s cloud cover for weather 
analysis; determine amount of 
solar energy absorbed, reflected, 
and emitted by the earth. 

Two wide-angle cameras, two 
tape rewrders and electronic 
clocks, infrared sensors, five 
transmitters, attitude sensors, 
magnetic attitude coil. 

100.4 July 12, 1961 

Aug. 15, 1961 

Aug. 25,19131 

Dec. 4, I961 

Dec. 6, 1961 

Bug. 27,1961 

Thor-Delta 

AMR 

Thor-Delta 

AMR 

Jwut 

Wallops 
Island 

Explorer XI1 
1961 Upsilon I 

(8-3) 

Investigate solar wind, inter- 
planetary magnetic 5elds, dis- 
tant portions of earth’s mag- 
netic field, enerzetic particles in 
interplanetory space and in the 
Van Allen belts. 

Ten particle detection systems 
for measurement of protons and 
electrons and three orthogonally 
mounted 5uxgate sensors for 
correlation with the magnetic 
fields, optical aspect sensor, and 
one transmitter. Telemetry is 
PFM and transmits continu- 
ously. 

28.45 hours 

37.5 Explorer XIII 
I961 Chi 

- - 

Test performance of the vehicle 
and guidance; investigate na- 
ture and effects on space mght 
of micrometeoroids. 

Micrometeroids impact, detec- 
tors, transmitters. 
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Probe Projects as of December 1962-Continud 

Experiment 
Project Man- 

ager and 
Project 

Scientist 

I Orbital Elements 
Afliliation Remarks Experimenter 

Apogee 
Statute miles 

Vehicle functioned as planned. 
Balloon and fourth stage achiev- 
ed orbit. Transmitter on bal- 
loon failed to function properly 
function properly requiring opti- 
cal tracking of balloon. 

Weight: 80 lb 

Power: Passive 

Probe transmitted valuable data 
continuously for 52 hours as 
planned. Demonstrated the ex- 
istence of a geomagnetic cavity in 
the solar wind and the existence 
of solar proton streams trans- 
porting solar interplanetary mag- 
netic fields past the earth’s orbit. 

Weight: 79 Ib 

Power: Battery 

Dr. J. P. Heppner 
T. L. Skillman 
C. 5. Scearce 

GSFC 

MIT 

GSFC 

186,000 Rubidium-vapor 
magnetometer and 
fluxgate magnetom- 
eters 

Plasma probe 

Dr. J. P. 
Heppner 

Dr. J. P. 
Heppner 

H. Bridge 
F. Scherb 
B. Rossi 

J. Albus Spacecraft attitude 
experiment 

MIT Orbit achieved. Detected first 
gamma rays from space. Direc- 
tional flux obtained. Disproved 
one part of “steady state” evolu- 
tion theory. 

Weight: 82 lb 

Power: Solar 

1113.2 Dr. J. Kup- 
perian, Jr. 

Dr. J. Kup- 
perian, Jr. 

Gamma-ray telescope W. Kraushaar 
G. Clark 

u. of Wis. 

GSFC 

GSFC 

Orbit achieved. Cameras and IR 
instrumentation transmitted 
good data. Transmitted 36,033 
pictures. First hurricane cover- 
ing international program. 

Weight: 285 lb 

506.44 R. Rados V. Suomi 

Dr. W. Nordberg 

Dr. R. A. Hanel 

Omnidirectional 
radiometer 

Widefleld radiometer 
experiment 

Scanning radiometer 
experiment 

TV cameras (2) 

Proton analyzer 

Power: Solar 

M. Bader Ames Research 
Center 

U. of New 
Hampshire 

St. U. of Iowa 
GSFC 

GSFC 

GSFC 

Orbit achieved; all instrumenta- 
tion operated normally. Ceased 
transmitting on Dec. 6,1961, after 
sending 2568 hours of real-time 
data. Provided significant geo- 
physical data on radiation and 
magnetic flelds. 

Weight: 83 Ib 

Power: Solar 

47,800 P. Butler 

Dr. F. 
McDonald 

Magnetometer L. C a h i  

Cosmic rag B. O’Brien 
Dr. F. B. McDonald 

L. Davis 

0. Longanecker 

Ionelectron detector 

Solar cell 

A cadmium sulfide 
photoconductor ex- 
periment 

ment 
A wire grid experi- 

M. W. Alexander 
L. Secretan 

GSFC Orbit was lower than planned. 
Reentered August 27,1861. 

Weight: 187 lb including M) lb 4th 
stage. and 12 lb transition section. 

Power: Bolar 

C. T. D’Aiu- 
tolo 

722 
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Goddard S p m  Flight Center Satdlites and Space 

Launch 
Vehicle an( 

site 

scout 

Wallops 
Island 

Period 
Minutes 

Data 

Designation Objectives Instrwnenbtion 
Launch 

Oct. 19,1961 

Sflent 

Oct. 19, 1961 P21 
Electron Density 

Profile Probe 

(P-21) 

Measure electron densitis an< 
investigate radio propagation a1 
12.3 and 73.6 Mc under daytimt 
conditions. 

Continuous-wave propagation ex- 
periment for the ascent portion 
of the trajectory, and an RF 
probe technique for the descent. 

00.4 Tiros N 
1962 Beta 

(A-9) 

Feb. 8,1962 rune 19,1962 Delta 

AMR 

Develop principles of weathei 
satellite system; obtain clouc 
and radmtion data for use ir 
meteorology. 

Two TV camera systems with 
clocks and recorders for remote 
pictures, infrared sensors, heat 
budget sensors, magnetic orien- 
tation control horizon sensor, 
north indicator. 

- 
Orbiting Solar 

Observatory 
oso-1 

1962 Zeta 

(S-16) 

Mar. 7,1962 4ctive Delta 

AMR 

3cout 

Wallops 
Island 

Place satellite in earth orbit tc 
measure solar electromagnetic 
radiaticnin the ultra-violet, x-raj 
and gamms-ray regions; investi. 
gate effect of dust particles on 
surfaces of spacecraft. 

Devices to eonduct 13 dmerent ex- 
periments for study of solar elec- 
tromagnetic radiations; investi- 
gate dust particles in space and 
thermal radiation characteristics 
of spacecraft surface materials. 

6.15 

Measure electron density profile, 
ion density, and type of ions in 
the atmosphere. 

L continuous-wave propagation 
experiment to determine elec- 
tron density and associated pa- 
rametersof ionosphere. A swept 
frequency probe for direct 
measurements of electron den- 
sity and a positive ion experi- 
ment to determine ion coneen- 
tration under night-time condi- 
tions. 

Mm. 29,1962 dar. 29,1962 P21A 
Electron Density 

Profile Probe 

(P-21A) 
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Probe Projects as of December 1962-Contbued 

Orbital Elements 

471 

343.5 

Apogee 
:Statute miles 

N/A 
4261 

626 

369 

NIA i3QlO 

Project Man 
ager and 
Project 

Scientist 

John E. 
Jackson 

Dr. 8. J. 
Bauer 

R. Rados 

Dr. John C. 
Lindsay 

Dr. John C. 
Lindsay 

lohn E. Jack- 
son 

Dr. 8. J.Bauer: 

111-534 0 - 64 - 9 

Experiment 

R F  probe 

CW propagation 

Omni-directional 
radiometer 

Widefleld radiometer 
experiment 

Scanning radiometer 

TV camera systems Q 

X-ray spectrometer 

experiment 

0.510 Mev gamma- 
ray monitoring; 
20-100 kev x-ray 
monitoring; 1-8A 
x-ray monitoring 

Dust particle 
ex-ent 

Solar radiation 
experiment, solar 
ultraviolet 

Solar gamma rays, 
high energy 
distribution 

Solar gamma rays, 
low energy 
distribution 

Solar gamma rays, 
high energy 
distribution 

Neutron monitor 
experiment 

Lower Van Allen belt 

Emissivity stability 
of surfaces &I a 
vacuum 
environment 

C W propagation 

R F  probe 

Ion traps 

E-rimenter 

Dr. H. Whale 

0. H. Spaid 
J. E. Jackson 

V. Suomi 

Dr. W. Nordberg 

Dr. R. A. Hanel 

Dr. W. Behring 
Dr. W. Neupert 

K. Frost 
W. White 

M. Alexander 
C. McCracken 

W. White 
Dr. K. Hallam 

W. White 
K. Frost 

J. R. Winkler 
L. Peterson 

M. Savedoff 
Q. Fazio 

W. Hess 

8. Bloom 

Q. Robinson 

8. Bauer 

Dr. H. Whale 

R. Bourdeau 
E. Whipple 
J. Donley 
Q. Serbu 

AtEliation 

QSFC 

QSFC 
QSFC 

u. Of wis. 

QSFC 

QSFC 

QSFC 

QSFC 

QSFC 

QSFC 

U. of Minn. 

U. of Rochester 

u. of Calif. 

U. of Calif. 

Ames Research 
Center 

QSFC 

QSFC 

QSFC 

Remarks 

Probe achieved altitude of 4251 
miles and transmitted good data. 
Electron density was obtained to 
about 1500 miles, making f i e  
first time such measurements 
have been taken at this altitude. 

Weight: 94 Ib 

Power: Battery 

Orbit achieved. All systems trans- 
mitting well. Tegea Kinoptic 
lens used on one camera; Elgeet 
lens on the other. Support to 
Project Mercury. 

Weight: 285 Ib 

Power: Solar 

Orbit achieved. Experiments 
transmitting 8s programmed. 
All tracking and data operations 
ceased August 6,1963. 

Weight: 458 Ib 

Power: Solar 

Afforded night-time observations. 
Characteristics of the ionosphere 
differ drastically from daytime 
state when the temperature of 
the ionosphere is much cooler. 
See P-21. 

Weight: 94 Ib 

Power: Battery 

117 



THE E A R L Y  Y E A R S  

Designation 

Ariel I Inter- 
national Satellitt 

(8-51; U.K. 1) 

Tiros V 
1962A-alpha I 

(A-50) 

Telstar I 

WOS VI 

(A-51) 

rune 19, 

- 
Jnly 10, 

- 
Bept. 18 

- 

Data 

Silent 

Active 

Active 

Active 

Active 

Lamah 
Vehicle and 

Site 

Delta 

AMR 

Delta 

AMR 

Delta 

AMR 

Delta 

AMR 

G o d d d  Spam Flight Center Satellites and S p e  

Objectives 

Study ionosphere and cosmic-ray 
relation. Joint U.K.dJ.8. ef- 
fort. U.K. responsible for ex- 
periments and for data analysis 
a n d  in te rp re ta t ion .  U . 8 .  
(NASA-QSFC) responsible for: 
project management; providing 
spacecraft; integrating and test- 
ing sll systems; hunching; 
tracking and data acquisition. 

Develop principles of weather 
satellite system; obtain cloud- 
cover data and radiation data 
for use in meteorology. 

Joint AT&T-NASA investigation 
of wideband communications. 

Study cloudcover and earth heat 
balance; measure radiation in 8 8  

lected spectral regions as part 01 
a program to develop meteoro- 
logical satellite systems. 

Instrumentation 

Electron temperatwe and density 
sensors; ion mas8 sphere; solar 
radiation detectors, Lyman- 
alpha at l2l6A: solar aspect 
meter; electron density semors; 
x-ray counters; tape recorder. 

Two TV camera systems with 
tape recorders for recording re- 
mote picture areas, infra-red 
sensors, magnetic orientation 
control, horizon sensor, north 
indicator. 

The system provides for TV, 
radio, telephone, and data 
transmission via a satellite re- 
peater system. 

Two TV camera systems (78O and 
1 0 4 O  lens), clocBs and tape re- 
corders for remote operation, 
infrared and attitude sensors. 
magnetic attitude coil. 

Period 
Minutes 

100.9 

100.6 

157.8 

88.73 
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Probe Projects ias of December 1962-conkhmed 

I Orbital Elements 

Apogee) 
(Statute m i l e  

754.2 

504 

1503.2 

L42 

R. C. Bau- 
mann (U.8 

Robert E. 
Bourdeau 
(U.S.) 

R. Rados 

C. P. Smith, 
Jr . 

R. Rados 

Experiment 

Electron temperature 
& density 

Ion mass composition 
& temperature 

Solar Lyman-alpha 
emission measure- 
ment 

X-ray emission 

Solar aspect measure- 
ment 

Cosmic ray analyzer 

Ionosphere electron 
density measure- 
ment 

Dutchman eqperi- 
ments 

TV camera systems 
(2) 

hcluded electron de- 
tector for range 
ZYJ,OOO-l MeV; 
proton detectors in 
the following energy 
ranges: 2.5-25.0 Mev 
26.0-34.0 MeV, 
ranges greater than 
60 Mev 

TV camera systems 
(2) 

Experimenter 

Dr. R. L. F. Boyd 
Dr. A. P. Willmore 

Dr. R. L. F. Boyd 
Dr. A. P. Willmore 

J. A. Bowles 
Dr. A. P. Willmore 

Dr. R. L. F. Boyd 

Dr. K. A. Pounds 
Dr. A. P. Willmore 

J. Alexander 
Dr. P. J. Bowen 

H. Elliot 
Dr. J. J. Quenby 
A. C. Durney 

J. Sayers 

Dr. A. P. Willmore 

Dr. W. Brown 

Afliliation 

Univ. College 
London 

Univ. College 
London 

Univ. College 
London 

Univ. College 

Univ. of Leicester 
LJniv. College 

London 

London 

Univ. College 
London 

bperial College 
London 

LJdv. of Birming- 
ham 

b i v .  College 
London 

3TL 

Remarks 

Orbit achieved. All experiments 
except Lyman-alpha transmit- 
ting as programmed. First 
international satellite. Con- 
tains British experiments, 
launched by American Delta 
vehicle. 

Weight: 1M) Ib 

Power: Solar 

Launched at a higher inclination 
(58') than previous Tiros satel- 
lites to provide greater coverage. 
Time of launch chosen to include 
normal hurricane season for 
South Atlantic. IR sensor in- 
operative, all other systems 
transmitting well. 

Weight: M(61b 

Power: Solar 

Drbit achieved. Television and 
voice. transmissions were made 
with complete success. Bell 
Telephone Laboratories provide 
spacecraft and ground stations 
facilities. Qovernment to  be 
reimbursed for cost incurred. 

- 

Weight: 176 lb 

Power: Solar 

bclination 6S.ao; velocity perigee 
16,822; apogee 18,756. Medium- 
angle camera failed Dec. 1, 1962, 
after taking 1074 pictures. 

Weight: a00 Ib 

Power: Solar - 
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Designation 

Alouette Swept Fn 
quency Topside 
Sounder 
(Canada) 

(8-B) 

Energetic Particle 

Explorer XIV 

(8-W 

Satellite 

Explorer XV 

(8 3-b) 

Relay 

(A-16) 

Date 

Launch 

Eept. 29,1882 

Oct. 2, 1962 

Oct. 27,1962 

Dec. 13,1882 

silent 

Active 

Active 

Active 

Active 

hunch  
Vehicle and 

site 

Thor-Agena 

PMR 

Delta 

AMR 

Delta 

AMR 

Delta 

AMR 

Goddard Spm Flight Center Satellites and Space 

Objectives 

Measure the electron density dis- 
tribution in the ionosphere at 
altitudes between 180 miles and 
620 miles. Study for a period 01 
a year the variations of electron 
density distribution with time o 
day and with latitude, under 
varying magnetic and auroral 
conditions; and with particular 
emphasis on high latitude effects 
Obtain galactic noise measure- 
ments, study the flux of ener- 
getic particles, and investigate 
whistlers. 

Describe the trapped corpuscular 
radiation, solar particles, cosmic 
radiation and the sofar winds; 
and correlate the particle phe- 
nomena with the magnetic field 
observations. 

Study new artiflcial radiation belt 
created by nuclear explosions. 

Investigate wideband communi- 
cations between ground stations 
by means of low-altitude orbit- 
ing spacecraft. Communica- 
tions signal to be evaluated will 
be an assortment of TV signals, 
multichannel telephony, and 
other communications. Meas? 
ure the effects of the space 
environment on the system; to 
include radiation damage to so- 
lar cells and radiation flux den- 
sity. Provide tests and demon- 
stration of low-altitude com- 
munications satellite. 

Instrumentation 

A swept-frequency pulse sounder 
covering the frequency range 
0.5 to 11.5 Mc. FM and PM 
telemetry systems. Two sets of 
sounder antennas, the longest 
measuring 160 feet. 

4n octagon-walled platform, fabri- 
cated from nylon honeycomb 
and flM glass, houses most of 
the instruments, experiments, 
and electronics. The transmit- 
ter is located in the base of the 
space craft. A magnetometer 
package containing three orthog- 
onally mounted magnetometers 
and calibration coils is located on 
a boom forward of the platform. 
Telemetry is PFM and trans- 
mits continuously. 

3imilar to Explorer XI1 

Jpacecraft contains an active com- 
munications repeater to receive 
and retransmit communications 
between the U.8. and Europe, 
U.S. and South America, and 
Europe and South America; 
and an experiment to msess ra- 
diation damage to solar cells, 
and to measure proton and eleo- 
tron energy. 

Period 
Minutes 

105.4 

37 hours 
(2185 
minutes) 

5 hours 

(C. 315 
mid 

185.09 
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Probe Projects las of December 1962-Continusd 

I Orbital Elements 

Apogee 
Statutemiles 

838 

61,226 

10,960 

4612.18 

Project Man 
ager and 
Project 

scientist 

John E. 
Jackson 
(U.8.) 

Paul 0. 
Marcotte 

Dr. Frank B. 
McDonald 

Dr. John W. 
Townsend 

Dr. Wilmot 
Hess 

Joseph Ber- 
liner 

Dr. R. C. 
Waddell 

Experiment 

ropside sounder 

Pnergetic particle 
counters 

JLF receiver (whis- 
tler) 

Wmic ray experi- 
ment 

[on detector experi- 

3olar cell experiment 

Probe analyses 

ment 

Trapped radiation ex- 

Magnetometer experi- 

periment 

ment 

Electron energy dis- 
tribution 

Omnidirectional 
detector 

Angular distributor 

Directional detector 

Ion-electron detector 

Magnetic field experi- 

Solar cell gauge 

ment 

Determine radiation 
damage to solar cells 
and semiconductor 
diodes 

Measure proton en- 
ergy (2.6-26.0 MeV) 

Measure electron en- 
ergy (0.6-1.6 MeV) 

Measure btegral om- 
nidirectional proton 
flux energy (36.0- 
300.0 MeV) 

Measure directional 
electron energy 
(O.%l.O MeV) 

Measure directional 
proton energy (1.0- 
60.0 MeV) 

Experimenter 

Dr. F. McDonald 

L. Davis 

Q. Longanecker 

M. Boder 

B. O’Brien 

L. Cahill 

W. Brown 
V. Desai 

Dr. C. McIlwein 

Dr. PI. Brown 

Dr. C. McIlwain 

L. Davis 

L. Cahill 

H. K. Qummel 

Dr. R. Waddell 

Dr. W. Brown 

Dr. W. Brown 

Dr. C. McIlwain 

Dr. C. Menwain 

Dr. C. McIlwain 

Affiliation 

- 

G8FC 

QSFC 

QSFC 
Ames Research 

St. U. of Iowa 
Center. 

U. of New Hamp- 
shire. 

Bell Telephone 
Laboratories 

u. of Calif. 

Bell Telephone 
Laboratories 

u. of calif. 

QSFC 

U. of New Hamp- 
shire 

Bell Telephone 
Laboratories 

QSFC 

Bell Telephone 
Laboratories 

Bell Telephone 
Laboratories 

u. of calif. 

u. of calif. 

u. of Calif. 

Remarks 

The Alonette I satellite is a project 
of the Canadian Defence Re- 
search Board. The project is 
part of NASA’s Topside Sounder 
Program. This will be NASA’s 
first satellite to be launched from 
the Pacific Missile Range. 80.84’ 
inclination Alouette is first space- 
craft designed and built by any 
other country than the U.S. and 
USSB. 

Weighk 320 lb 

Power: Solar 

Velocity of apogee 1607 mpb, 
perigee 23,734 mph. Inclination 
toequator, 3 3 O .  

Weight: 86 Ib 

Power: Solar 

Qood data being received on arti- 
ficial radiation belt. 

Weight: 100 Ib 

Power: Solar 

Orbit achieved. TV, telephone, 
teletype, facsimile and digital 
data transmissions made with 
sstislsctory rssults. 

Weight: 172lb 

Power: Solar 
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1 
8 
7 

12 
12 
11 

0 
0 
1 
1 
0 
4 

-~ I I- 

Failed 

0 
4 
2 
2 

1 
12 
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A p p e n d i x  B 

A CHRONOLOGY 

7 955 

March 

The Navy proposed a program for the launch of an elementary uninstru- 
mented satellite in 2 or 3 years. This program, jointly developed with the 
Army, was known as Project Orbiter. It called for the use of the Redstone 
booster and Loki rockets (small solid-propellant rockets). 

Sepfem ber 

Project Vanguard was born when the Department of Defense (DOD) 9 

wrote a letter to the Secretary of the Navy authorizing him to proceed with 
the Naval Researoh Laboratory (NRL) proposal for launch of a satellite. 
This letter authorized the launch of at least one U.S. satellite in the Interna- 
tional Geophysical Year (IGY) , which was to end in December 1958. 

I956 

1 

Spring 

After the Vanguard vehicle was redesigned to accommodate a spherical 
payload, a plan was developed at NRL for seven test vehicles and six satellite- 
launching vehicles. 

December 

NRL Test Vehicle 0 (TV-0) , a Viking rocket carrying no Vanguard com- a 
ponents, was successfully fired in a test of range facilities, telemetry, and 
instrumentation. 

7 957 

May 

NRL TV-1, with a Viking first stage, launched a Vanguard third stage 
in a successful test of the control system and of the third-stage separation, 
spin-up, ignition, and propulsion. I 

October 

Sputnik I (1957a2), the first manmade earth satellite, was launched by 

President Eisenhower, in L press release, congratulated the Soviet scien- 

4 

the USSR. It remained in orbit until January 4,1958. 

tists on Sputnik I. He gave a brief history of the development of the U.S.- 
IGY satellite program and pointed to the separation of Project Vanguard from 
work on ballistic missiles. 

gram for outer space research which proposed establishment of an Astronau- 
tical Research and Development Agency similar to the National Advisory 

9 

The American Rocket Society presented to President Eisenhower a pro- 14 
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Launch of Redstone Missile. 

7957 (Conf.1 

Octoberc-Continued 

Committee for Aeronautics and the Atomic Energy Commission, with responsi- 
bility for all space projects except those directly related to military defense. 

The launch on this date of NRL TV-2 was the first successful launch of 
the complete Vanguard configuration-a successful test of the firststage en- 
gine, control system, and vehicle structure; second and third stages were dum- 
mies. A 109-mile altitude wacs reached at 4250 mph. 

23 

November 

7 President Eisenhower, in an address on science and security, announced 
that U.S. scientists had solved the problem of reentry and showed the nose 
cone of an Army Jupiter C missile which was intact after a flight through 
outer space. 

President Eisenhower, in a speech on future security, proposed adoption 
of a formula for decisions on undertaking space projects which would include 

13 
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1957 (Cont.1 

November-Continued 

the following criteria : “If the project is designed solely for scientific purposes, 
its size and its cost must be tailored to the scientific job it is going to do. I f  
the project has some ultimate defense value, its urgency for this purpose is to 
be judged in comparison with the probable value of competing defense 
projects.” 

The National Advisory Committee for Aeronautics (NACA) authorized 
establishment of a special committee on space technology, headed by H. 
Guyford Stever. 

December 

The American Rocket Society’s proposal for an Astronautical Research 
and Development Agency, which was presented to President Eisenhower on 
October 14, 195’1, was announced publicly. 

An attempt to launch NRL TV-3, the first test of the complete Vanguard 
vehicle and control system, failed when the first engine lost thrust after 2 sec- 
onds and the vehicle burned on the pad. This was the first Vanguard vehicle 
with orbit capability; it carried a 3.25-1b satellite with micrometer impact and 
geodetic measurement experiments. 

I958 

January 

The American Rocket Society and the Rocket and Satellite Research Panel 
issued a summary of their proposals for a National Space Establishment. 
Preferably independent of DOD, (but in any event not under one of the military 
services, this establishment would be responsible for the “broad cultural, 
scientific, and commercial objectives” of outer space research. 

In  his State of the Union message, President Eisenhower reported: “In 
recognition of the need for single control in some of our most advanced devel- 
opment projects, the Secretary of Defense has already decided to concentrate 
into one organization all antimissile and satellite technology undertaken within 
the Department 6f Defense.” 

In  his budget message to Congress, President Eisenhower stated that in his 
request : “Funds are provided for an expanded research and development effort 
on military satellites and other outer space vehicles and on antimissile missile 
systems, to be carried out directly under the Secretary of Defense.” 

NACA adopted a resolution recommending that tlie national space program 
could be most effectively implemented by the cooperative effort of DOD, the 
National Academy of Sciences, the National Science Foundation and NACA, 
together with universities, research institutions, and industrial companies of 
the Nation. Military development and operation of space vehicles would be 
the responsibility of DOD, and research and scientific space operations the 
responsibility of NACA. 

February 

Explorer I (1958a1), the first U.S. satellite, was launched by a modified 
Army Ballistic Missile Agency-Jet Propulsion Laboratory Jupiter C, with 
the US.-IGY scientific experiment of James A. Van Allen, who discovered the 
radiation belt region around the earth. 

21 
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9 
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Explorer I. 

1958 (Conf.) 

February-Continued 

4 President Eisenhower directed James R. Killian, Jr., to head a committee 
to study and make recommendations on the governmental organization of the 
nation’s space and missile program. 

NRL TV-3 backup was a repeat of the TV-3 launch attempt on Dee. 6, 
1957. It failed, however, with a control malfunction after 57 seconds of flight 
when the vehicle broke up at about 20,000 ft. 

“Basic Objectives of a Continuing Program of Scientific Research in Outer 
Space,” a report by the Technical Panel on the Earth Satellite Program of the 
National Academy of Sciences’ IGY Committee was published. It proposed a 
program of space research extending beyond IGY. 

5 

14 

March 

17 The second U.S.-IGY satellite, Vanguard I (1958p2), was launched into 
orbit with a life expectancy of perhaps 1000 years. It was a highly successful 
scientific satellite which proved that the earth is slightly pear-shaped. 
Operating on solar powered batteries, it mas still transmitting after 2 years in 
orbit. 

26 The third U.S.-IGY satellite, Explorer I11 (1958Y1), another joint 
A B U - J P L  project, was successfully launched by an Army Juno I1 rocket. 
It yielded valuable data on the radiation belt region, micrometeorite impacts, 
and temperature before returning to the earth on June 27. 
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7958 (Conf.1 

April 

In la message to Congress, President Eisenhower proposed the establish- 
ment of a national aeronautics and space agency into which NACA would be 
absopbed. This agency was to have responsibility for civilian space science and 
aeronautical research. It would conduct research in these fields in its own 
facilities or by contract and would also perform military research required by 
the military departments. Interim projects pertaining to the civilian program 
which were under the direction of the Advanced Research Projects Agency 
(ARPA) would be transferred to this civilian space agency. 

A proposal for a National Aeronautiw and Space Agency, draftad by the 
Bureau of the Budget, was submitted to the U.S. Congress by the President. 

NRL TV-5 failed to put its 21.5-lb spacecraft into orbit when the control 
system release failed and the third stage was not ignited. This IGY scientific 
spacecraft had radiation and environmental measurement experiments aboard. 

May 

Scientific findings from the two Explorer satellites ( I  and 111) disclosed 
an unexpected band of high-intensity radiation extending from 600 miles above 
the earth to possibly 8000 miles. 

Responsibility for the Project Vanguard portion of the U.S.-IGY scien- 
tific satellite program was transferred from the Navy to ARPA (also in the 
Department of Defense). 

The first Vanguard satellite launch vehicle (NRL SLV-1) generally was 
successful with exception of second-stage burnout, which prevented achieve- 
ment of satisfactory orbit. 

June 

The NRL SLV-2 launch failed when the second stage cut off prematurely, 
because of low chamber pressure, and terminated the flight. The satellite 
weighed 21.5 lb and was to have measured solar x radiation and environmental 
conditions. 

July 

Explorer I V  (1958d), under the project direction of the DOD’s Ad- 
vanced Research Projects Agency (ARPA), was launched for the purpose 
of studying radiation belts detected by Explorers I and I11 and for the meas- 
urement of artificial radiation created by previous DOD experiments. 

President Eisenhower signed the National Aeronautics and Space Act of 
1958. In  his statement he said: “The present National Advisory Committee 
for Aeronautics (NACA) with its large and competent staff and well-equipped 
laboratories will provide the nucleus for NASA.” 

August 

Public Law 85-657 was approved authorizing appropriations to NASA 
for construction and other purposes and specifically for a “space projects center, 
in the vicinity of Washington, D.C.,” a space projects building; research proj- 
ects laboratory ; posts and appurtenances ; utilities ; equipment and instnunan- 
tation, $3,750,000. 

T. Keith Glennan was confirmed by the Senate as Administrator of the 
National Aeronautics and Space Administration (NASA). 

2 

14 

28 

1 
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7958 (Cont.1 

Auguat--Continued 

T. Keith Glennan was sworn in as Administrator, and Hugh L. Dryden 
as Deputy Administrator. Forty days later, October 1, 1958, NASA was 
declared ready to function. 

NACA held its final meeting and invited T. Keith Glennan, newly ap- 
pointed Administrator of NASA. 

September 

First meeting of the newly created National Aeronautics and Space Ad- 
ministration (NASA) was held, with T. Keith Glennan as Administrator and 
Hugh L. Dryden as Deputy Administrator. 

The third Vanguard satellite launch vehicle (SLV-3) reached an altitude 
of 265 miles, and was believed to have made one orbit and to have been 
destroyed 9200 miles downrange over Central Africa on reentry into the atmos- 
phere. 

Ocfobw 

By executive order of the President, DOD responsibilities for khe remain- 
ing US.-IGY satellite and space probe projects were transferred to NASA; 
included were Project Vanguard and the four lunar probes and three satellite 
IGY projects which had previously been assigned by ARPA to the Air Force 
Ballistic Missile Agency and the Army Ballistic Missile Agency ( ABMA) . 
Also transferred were a number of engine development research programs. 
This was NASA’s first official day. 

Three weeks after NASA officially began operating, prospective contrac- 
tors were invited to a briefing at NASA Headquarters on development of a 
1.5-million-pound-thrust engine (Saturn). 

November 

A bidders’ conference was held by NASA on a manned-satellite capsule for 
Project Mercury. 

Mr. John T. Mengel was appointed Assistant Director, Tracking and Data 
Systems at the Beltsville Space Center (later the Goddard Space. Flight 
Center). His background included physics and engineering, with 13 years 
experience at the Naval Research Laboratory. 

19 

21 

24 

26 

1 

21 

7 

30 

During 
fhe 

Month 

3 

18 

19 

NASA requested the highest priority (DX) for the Saturn engine project. 

December 

The President transferred the functions and facilities of the Jet Propulsion 
Laboratory (JPL) of the California Institute of Technology, Pasadena, Cali- 
fornia, from the Army to NASA. 

NASA and the Army reached an agreement whereby the Army Ballistic 
Missile Agency ( ABMA) and its subordinate organizations at Redstone Arse- 
nal, Huntsville, Alabama, would be responsive to NASA requirements. 

Project Score (1958[1), the third 1T.S.-IGY space probe-under the 
project direction of DOD’s AR.PA-was launched at 12:45 a.m., from the 
Atlantic Missile Range (AMR) by a Juno I1 rocket. 

President Eisenhower’s Christmas message was beamed from the Score 
satellite in orbit-the first voice beamed in from space. 
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1958 Konf.1 

DecembecL-Continued 

IGY had been scheduled to close, but in October 1958 the International 
Council of Scientific Unions, meeting in Washington, approved extension of 
IGY through December 1959 under the name International Geophysical Go- 
operation-1959 (IGC-59), and also approved establislment of the Com- 
mittee on Space Research (COSPAR) to continue international cooperation 
in &he scientific exploration of space. 

1959 

January 

NASA requested eight Redstone-type launch vehicles from the Army to 
be used in Project Mercury development. 

February 

NRL SLV4,  Vanguard I1 (1959~1), was successfully launched. It was 
a 21.5-lb satellite with infrared sensors for cloud-cover measurement. 

NASA awarded $105 million in contracts for 1959 projects (15 satellites). 
Discoverer I (1959 p l ) ,  a 1450-lb satellite, was successfully launched into 

a near-polar orbit by the Thor-Hustler booster from the Pacific Missile Range 
(PMR) ; stabilization difficulties hampered tracking acquisition. 

March 

Pioneer IV  (1959111, the fourth U.S.-IGY space probe, a joint ABMA- 
JPL project under direction of NASA, was launched by a Juno I1 rocket from 
AMR and achieved an Earth-Moon trajectory, passing within 37,000 miles of 
the moon before going into a permanent solar orbit. Radio contact was main- 
tained to a record distance of 406,620 miles. 

NASA granted $350,000 to the National Academy of Sciences-National 
Research Council for a program of research appointments in theoretical and 
experimental physics to stimulate basic research in the space sciences. 

NASA announced that Wallops Island, Va., had made 3300 rocket firings 
since 1945. 

April 

The first construction contract for the Beltsville Space Center was awarded. 
The NRL SLV-5 launch failed when the second stage didn’t operate 

properly and the vehicle tumbled. The 23.3-1b payload included a 13-in. ball 
with a magnetometer attached for mapping the earth’s magnetic field and a 
30-in. inflatable sphere to measure atmosphere drag. 

Discoverer I1 (1959 yl) was successfully placed into a polar orbit by the 
Thor-Agena A booster, but capsule ejection malfunctioned causing it to impact 
in the vicinity of the Spitsbergen Islands (Arctic Ocean) on April 14 instead of 
in the vicinity of Hawaii. It was the first vehicle known to have been placed 
in a polar orbit and was the first attempt to recover an object from orbit. 

A NASA and DOD joint working group discussed procedures for search 
and recovery aspects of Project Mercury (manned space flights) involving 
Army, Navy, and Air Force units. 

31 

8 

17 

20 

28 

3 

11 

24 
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April-Continued 

20 NASA announced acceptance of proposals by the Canadian Defence Re- 
search Telecommunications Establishment for continuing joint rocket and satel- 
lite ionospheric experiments of a nonmilitary nature. 

Construction began at Goddard Space Flight Center on Buildings 1 and 
2, the Space Projects Building and Research Projects Laboratory, respectively. 

NASA announced the signing of a $24 million contract with Douglas Air- 
craft Company, Inc., for a three-stage Thor-Vanguard launching rocket called 
“Delta.” 

24 

28 

Sounding rocket fired at Wallops Island. 
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April-Continued 
During 

the 
NASA. Month 

The Tiros meteorological satellite program was transferred from DOD to 

May 

renamed “Goddard Space Flight Center,” in commemoration of Dr. Robert 
H. Goddard, the American pioneer in rocket research. I n  the announcement 
John W. Townsend who was Chief of NASA Space Sciences Division and 
who earlier had served as Chief of Rocket Sonde Branch of the Naval Research 
Laboratory was named Assistant Director for Space Science and Satellite 
Applications. John T. Mengel who was responsible for the development of 
the Project Vanguard Minitrack System used for satellite tracking, was named 
Assistant Director for Tracking and Data Systems. Robert R. Gilruth who 
had been Chief of the Pilotless Aircraft Research Division, Langley Research 
Center, was named Assistant Director for Manned Satellites. The three 
Assistant Directors reported to the Director of Flight Development, NASA 
Headquarters, Dr. Abe Silverstein. The announcement also stated that the 
Office of Business Administration would be headed by Dr. Michael J. Vaccaro 
transferring from the NASA Lewis Research Center, Cleveland, Ohio, where 
he had served as Director of Organization and Personnel. 

The Smithsonian Optical Tracking Station at Woomera, Australia, suc- 
cessfully photographed Vanguard I at the apogee of its orbit, nearly 2500 
miles from the earth. This feat, which has been compared with taking a 
picture of a golf ball 600 miles away, was repeated on May 3 and 4. 

NASA’s Administrator announced that the Beltsville Space Center was 1 

The Ad Hoc Committee on the Peaceful Uses of Outer Space of the 

NASA announced formation of the Committee on Long-Range Studies 

6 
If0 June 251 

18 
United Nations met in session at U.N. Headquarters in New York City. 

headed by John A. Johnson to fulfill the charge of National Aeronautics and 
Space Act of 1958 (See. 102) calling for “establishment of long-range studies 
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of the potential benefits to be gained from, the opportunities for, and the prob- 
lems involved in the utilization of aeronautical and space activities for peaceful 
and scientific purposes. 

June 

NRL SLV-6 failed when a second-stage malfunction allowed pressure to 
build up in the helium reservoir and caused a rupture about 40 sec after igni- 
tion. The 22.5-1b satellite was to have measured a solar-earth heating process. 

July 

A four-stage rocket with an Air Research and Development C o m n d  
payload was fired from Wallops Island to an altitude of 750 miles. This 
was the first in a series of launchings to measure natural radiation surround- 
ing the earth. 

NASA selected the Western Electric Company to build its worldwide 
network of tracking and ground instrument stations to be used in Project 
Mercury. 

August to December 

A conference of the International Telecommunications Union which was 
held at Geneva, Switzerland, allocated radio frequency bands for space and 
earth-space use. 

August 

Explorer VI  (195961) was launched. All experiments performed; it 
provided the first complete televised cloud-cover pictures. A complete map 
of the Van Allen radiation belt region was obtained. This was the first scien- 
tific sa,teZZite wnder the project direction of the Goddard apace Plight Center. 

While Explorer VI was passing over Mexico at an altitude of about 17,000 
miles, it successfully transmitted a crude picture of a sunlit, crescent-shaped 
portion of the North Central Pacific Ocean. The area of the earth photo- 
graphed was 20,000 square miles. 

The first of the Nike-Asp sounding rockets, which were to provide geo- 
physical information on wind activity between 50 and 150 miles high, was 
launched successfully from Wallops Island. 

September 

Dr. Harry J. Goett was appointed Director of GSFC. Dr. Goett came 
directly from the NASA Ames Research Center, Moffett Field, California, 
where he had been Chief of the Full Scale and Flight Research Division since 
1948. 

Building 2, the Research Projects Laboratory, was fully occupied. 
Vanguard I11 (195971) was successfully launched. It had a 50-lb pay- 

load which measured the earth’s magnetic field, solar x rays and space environ- 
mental conditions. This vehicle was SLV-7, the T V 4  backup vehicle, and 
had a more powerful third stage than previous Vanguards. 

Construction began on Building 3, the Central Flight Control and Range 
Operations Building, at GSFC. 
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Vanguard vehicle in a gantry. 

Ocfober 

Explorer (1959~1), the seventh and last U.S.-IGY earth satellite, under 
the direction of NASA with the Army as executive agent, was launched into 
an earth orbit by a modified Army Juno I1 booster. 

Russia’s Lunik 111 (1959f31) provided man’s first look at the dark side 
of the moon, two weeks after launch, by transmitting automatically taken 
pictures. 

A 100-foot-diameter inflatable sphere was launched on a suborbital test 
flight from WaIIops Island, to an altitude of 250 miles by the first Sergeant- 
Delta rocket; it was an aluminum-coated Mylar-plastic sphere, of the type 
to be used as a passive electronic reflector in the Echo satellites. 

Mr. Leopold Winkler was appointed Chief of Technical Services at GSFC. 
He had been engaged in engineering and design work at NRL since 1947. 

December 

The Administrator of NASA, T. Keith Glennan, offered the services of the 
U.S. worldwide tracking network in support of any manned space flight the 
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USSR might plan to undertake, in a speech before the Institute of World 
Affairs in Pasadena, Calif. 

The transmitters of Vanguard 111, launched on September 18, became 
silent after providing tracking signals and scientific data for 85 days. The 
satellite was expected to remain in orbit 40 years. 

In  a Canadian-U.S. cooperative project, NASA launched a four-stage 
Javelin sounding rocket from Wallops Island to measure the intensity of 
galactic radio noise. 

Approximately 300 research rockets were launched during the 30-month 
IGY and IGC-59 periods; 221 of these had been launched during IGY. 

16 

22 

31 

7 960 

January 

14 The President directed NASA Administrator Glennan to examine the 
need for additional money for high-thrust launching vehicles, which resulted 
in a NASA request for an additional $113 million for its 1961 fiscal year 
budget. 

NASA presented its Ten-Year Plan of space activities to Congress; the 
plan included 25 major vehicle launching per year, of increasing mission 
capability as research and development programs proceed. 

20 

February 

7 New Explorer VI1 data showed that outer Van Allen belt rim moved north 
and south as much as 500 miles in latitude and varied tenfold in intensity 
within a few hours. 

A 100-foot-diameter inflatable sphere was launched on the third suborbital 
test of this type, from Wallops Island, to an altitude of 225 miles. 
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March 

Pioneer V (19604,  a space probe, was successfully launched by Thor- 
Able, the start of an historic flight to measure radiation and magnetic fields in 
space and to communicate over great distances. 

Pioneer V transmitted radio signals from a distance of more than 409,000 
miles-a new record. 

Vanguard I was in orbit and still transmitting on its second anniversary 
after traveling 131,318,211 miles. NASA reported that its orbit was being 
altered by solar pressure. 

Pioneer V reported on command at 2 a.m., 1,002,700 miles away, transmit- 
ting seven kinds of scientific readings. 

Pioneer V signals were received 2,000,000 miles from the earth. 

April 

Tiros I (1960p2), the world’s first known weather observation satellite, 
was launched into orbit by mor-Able and took pictures of the earth’s cloud 
cover on a global scale from about 450 miles above the surface. 

Fourth suborbital test of the 100-foot-diameter sphere was launched from 
Wallops Island to an altitude of 235 miles. 

NASA fired the first of five Aerobee-Hi sounding rockets from Wallops 
Island in a program to measure ultraviolet radiation. 

A NASA press conference with participating scientists reported on correla- 
tion of data from Explorers VI and VI1 and Pioneer V during a solar storm 
on March 31. 

May 

A 150-watt transmitter on Pioneer V, commanded at 5:04 a.m. EDT, 
worked satisfactorily at 8,001,000 miles from the earth. 

Tiros I spotted a tornado storm system in the vicinity of Wichita Falls, 
Texas. 

Construction started on Building 4, the Boiler House and Electric Sub- 
station, at GSFC; it houses service shops, a central powerplant, a refrigeration 
plant, and office areas. 

NASA launched its 100-foot inflatable sphere to an altitude of 210 miles, 
to test a payload configuration carrying two beacon transmitters in a develop- 
mental flight of Project Echo. 

NASA disseminated telemetry calibration for Explorer VI1 to members 
of the Committee on Space Research (COSPAR) . 

June 

A 6-minute message was received by Jodrell Bank, England, from Pio- 
neer V, the last communication received from this spacecraft, then 22.5 million 
miles from the earth, moving at a relative velocity of 21,000 mph. 

The Smithsonian Institution posthumously awarded its highest honor, 
the Langley Medal, to Robert H. Goddard. 

Building 1, the Space Projects Building at GSFC, fully occupied. 
June to July 
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July 

The first complete Scout rocket vehicle was launched from Wallops Island, 
but the fourth-stage separation and firing were not accomplished. 

A Nike-Cajun sounding racket was fired from Fort Churchill, Manitoba, 
Canada, containing an instrumental payload to measure data on energetic par- 
ticles during a period of low solar activity. 

August 

The first Spaerobee rocket was launched from Wallops Island; a 56-lb 
payload was lifted to a 260-mile altitude. 

Echo I (1960J), the first passive communications satellite, was successfully 
launched into orbit; it reflected a radio message from President Eisenhower 
across the nation, thus demonstrating the feasibility of global radio communi- 
cations via satellites. Echo I, visible to skywatchers, provided reflection for 
numerous long-range radio transmissions by private and government research 
agencies. 

Echo I first went into the earth’s shadow, with its two tracking beacons still 
operating. Since going into orbit on August 12, it had relayed hundreds of 
telephonic experiments and transmissions. 

Seplernber 

Heat balance between atmospheric pressure areas near the earth’s surface 
and temperature readings in space were reported as a result of experiments in 
Explorer VI1 launched October 13,1959, by Verner E. Suomi of the University 
of Wisconsin. 

October 

The second complete NASA Scout rocket was fired successfully to its pre- 
dicted 3500-mile altitude and 5800-mile impact range, from Wallops Island. 

NASA Administrator Glennan announced that communication satellites 
developed by private companies would be lauhched by NASA at cost to assist 
private industry in developing a communications network. 

Mr. Eugene W. Wasielewski was appointed Associate Director of GSFC. 
He came from the Curtiss-Wright Corporation, Woodridge, N.J. From Octo- 
ber 1947 to September 1956, he was at the NACA’s Lewis Flight Propulsion 
Laboratory, Cleveland, Ohio. 

November 

Explorer VI11 (1960tl) was launched. It measured the electron density, 
temperature, ion density and composition, and charge on the satellite in the 
upper atmosphere. 

Construction began on Building 6, the Space Sciences Laboraory, at GSFC. 
An Aerobee Hi was fired to a 105-mile altitude from Wallops Island, with 

four stellar spectrometers developed for an experiment by the University of 
Rochester’s Institution of Optics. 

Tiros I1 (1960~1) was launched by a Thor-Delta from AMR-the four- 
teenth successful U.S. satellite launch in 1960. 

Construction began on Building 5, the Instrument Corporation and Instal- 
lation Laboratory, at GSFC. 
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January 

President Kennedy stated in his State of the Union address to Congress: 
“This administration intends to explore promptly all possible areas of coopera- 
tion with the Soviet Union and other nations ‘to invoke the wonders of science 
instead of its terrors.’ Specifically, I now invite all nations-including the 
Soviet Union-to join with us in developing a weather prediction program, in 
a new communication satellite program, and in preparation for probing the 
distant planets of Mars and Venus, probes which may some day unlock the 
deepest secrets of the universe.” 

A contract was awarded for construction of Buildings 7 and 10, the Pay- 
load Testing Facility and Environmental Testing Laboratory at GSFC. 

Experiments with Echo I were discontinued except for occasional checks, 
having provided innumerous communications since launch on August 12,1960. 

30 

31 

Architects’s drawing of Buildings 7 and 10. 

The International Committee on Geophysics, successor organization to During 
the 

Month 
IGY, meeting in Paris, endorsed a proposal for the International Year of the 
Quiet Sun study during 1964 to 1965. (This period was selected since there 
would be intense sunspot activity.) 

Februmy 

The orientation of Tiros I1 made it impossible to obtain Northern Hemi- 5 

sphere pictures, and malfunctions made remote picture taking undesirable, 
so that use of the satellite’s cameras was suspended until orbit precession again 
made Northern Hemisphere’s pictures possible. 

way of the moon. NASA Deputy Administrator Dryden spoke on telephone 
to Goldstone, Calif., which “bounced” it off the moon to the deep space instru- 
mentation station at Woomera. The operation was held as part of the official 
opening ceremony of the deep space instrumentation facility site in Australia. 

The Space Science Board of the National Academy of Sciences recom- 
mended that “scientific exploration of the Moon and planets should be clearly 
stated as the ultimate objective of the U.S. space program for the foreseeable 
future.” This was submitted to the President on March 31 and was released 
publicly on August 6. 

A voice message was sent from Washington to Woomera, Australia, by 10 
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15 

16 

James E. Webb was sworn in as NASA Administrator. 
Explorer IX (1961 81) , a 12-ft inflatable sphere of Mylar and aluminum, 

painted with white “polka dots” was placed in orbit by a four-stage Scout 
booster from Wallops Island. This was the first satellite launching from 
Wallops and the first satellite boosted by a solid-fuel rocket. 

France and NASA agreed to establish a joint program to test communi- 
cations satellites to be launched by NASA in 1962 and 1963 in Projects Relay 
and Rebound. 

Explorer IX was located in orbit by visual and photographic means after 
failure of its radio beacon delayed orbit confirmation. 

NASA negotiated a $400,000 contract with G. T. Schjeldahl Co. to design, 
develop, fabricate, and test nine rigidized inflatable spheres for Project Echo, 
the passive communications satellite program. 

17 
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NASA Administrator James E. Webb and Deputy Secretary of Defense 
Roswell Gilpatric signed a letter of understanding confirming the national 
launch vehicle program, the integrated development and procurement of space 
boosters by DOD and NASA. It was agreed that neither DOD nor NASA 
would initiate the development of a launch vehicle or booster for use in space 
without the written acknowledgment of the other agency. 

Tiros I1 completed 3 months in orbit, continuing useful observations be- 
yond the original estimate of useful life. 

A memorandum of understanding betwen the Federal Communications 
Commission (FCC) and NASA for delineating and coordinating civil com- 
munication space activities was signed. It stated that “earliest practicable 
realization of a commercially operable communications satellite system is a 
national objective.” 

March 

The installation of computer equipment was completed in Building 3 at 
GSFC. 

Direct-mode pictures by the Tiros I1 camera were resumed after a month 
of inoperation. The quality of the pictures showed slight improvement sup- 
porting the theory that foreign matter may have deposited on the lens and was 
gradually evaporating. 

The United Kingdom and the United States signed a formal agreement 
covering Project Mercury tracking stations on Bermuda. 

Up to this time, approximately 78 percent of the wide-angle photographs 
relayed from Tiros I1 were considered usable for current weather analysis. 

The Robert H. Goddard Space Flight Center was officially dedicated at 
Greenbelt, Md.; the dedication address was delivered by Dr. Detlev Bronk, 
President of the National Academy of Sciences. It was the 35th anniversary 
of Dr. Goddard’s successful launching of the world’s first liquid-fuel rocket. 
Mrs. Goddard accepted the Congressional Medal honoring her husband. 

Vanguard I had completed its third year in orbit and was still transmitting. 
It had provided much useful data on orbits, including the slight pear-shape of 
the earth and the effect of solar pressure. The Vanguard vehicle also provided 
the second stage for the Able, Delta, and Able-Star, as well as the third stage 
of Scout, pioneering solid-propellant stages used in Polaris and Minuteman. 

Problems with the shutter of the wide-angle camera of Tiros I1 were noted, 
but later disappeared and did not significantly affect data from this camera. 

Representatives of the French Committee for Space Research and NASA 
agreed on a cooperative space science program in a meeting at Washington, 
D.C. 

Tiros I1 had completed 4 months in orbit and continued to provide useful 
cloud picture and radiation data. A signal from Tiros I1 was used on orbit 
1763 to trigger dynamite to break ground for new RCA Space EnvironmeEt 
Center at Princeton, N.J. 

A Thor-Delta fired Explorer X (1961~1) into a highly elliptical orbit 
(apogee of 186,000 miles, perigee of 100 miles) with instruments to transmit 
data on the nature of the magnetic fields and charged particles in the region of 
space where the earth’s magnetic field merges with that in interplanetary space. 
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Its instruments recording a magnetic impulse, Explorer X became the first 
satellite to measure the shock wave generated by a solar flare. 

GSFC scientists reported that Explorer X had encountered magnetic fields 
considerably stronger than expected in its elongated orbit which carried it 
186,000 miles from the earth (almost halfway to the moon), although it would 
take several weeks to analyze acquired data. 

NASA selected General Electric’s Space Sciences Laboratory and Avco 
Corp. for negotiation of contracts to study the feasibility of a magneto-gas 
dynamic electric rocket or thermal arc jet rocket engines. 

By this date, all stations of NASA’s worldwide Mercury tracking network 
were operational. 

April 

President Kennedy, in his regular press conference, stated that “no one is 
more tired than I am” in seeing the United States second to Russia in the space 
field. They secured large boosters which have led to their being first in Sput- 
nik, and led to their first putting their men in space. We are, I hope, going 
to be able to carry out our efforts, with due regard to the problem of the life 
of the men involved, this year, but we are behind . . . the news will be worse 
before it is better, and it will be some time before we catch up. . . .” 

Preliminary data from Explorer X indicated that solar winds blow the 
sun’s magnetic field past the orbit of the earth. 

Explorer XI ( 1 9 6 1 4  was launched. It detected gamma rays from space 
and directional flux. 

May 

Tiros operations at Belmar, N.J., were terminated to begin the move of 
equipment to Wallops Island. 

The first test inflation of a 135-foot rigidized inflatable balloon in a diri- 
gible hangar was conducted by NASA Langley Research Center and G. T. 
Schjeldahl Co. at  Weeksville, N.C. 

The GSFC Institute for Space Studies in New York announced that its 
first major project, a 2-month seminar on the origin of the solar system, would 
be held in the fall of 1961. 

Construction began on Building 7, the Payload Testing Facility at GSFC. 
Tiros I1 completed 6 months in orbit, having transmitted over 31,000 

photographs of which more than 75 percent have been classified as fair to good 
for meteorological analysis. 

The discussion “Workshop : Telemetry in Europe” at the National 
Telemetering Conference in Chicago brought seven European representatives 
together with American scientists in working out unofficial prelimiiiary stand- 
ardization planning on bands, means, and frequencies. 

The FCC endorsed the ultimate creation of a commercial satellite system 
to be owned jointly by international telegraph and telephone companies and 
announced a meeting for June 5 to explore “plans and procedures looking 
toward early establishment of an operable commercial communications satellite 
system.” 
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Dr. Robert Jastrow addresses the Conference on Origins of the Solar System held 
shortly after the Institute for Space Studies began operation in New Pork City. 

1961 (Cont.1 

Ma y-Continued 

I n  his second State of the Union message President Kennedy reported to 25 

Congress regarding the space program : “With the advice of the Vice President, 
who is Chairman of the National Space Council, we have examined where we 
(United States) are strong and where we are not, where we may succeed and 
where we may not. . . . Now it is time to take longer strides-time for a great 
new American enterprisetime for this Nation to take a clearly leading role in 
space achievement which in many ways may hold the key to our future on 
earth.” President Kennedy set forth an accelerated space program based upon 
the long-range natfonal goals of landing a man on the moon and returning him 
safely to earth ; early development of the Rover, a nuclear rocket ; speed-up of 
the use of earth satellites for worldwide communications; and providing “at 
the earliest possible time a satellite system for worldwide weather observation.” 
An additional $549 million was requested for NASA over the new administra- 
tion’s March budget requests; $62 million was requested for DOD for starting 
development of a solid-propellant booster of the Nova class. (Nova will be 
capable of placing 100,000 lb on the moon ; its first stage will have six 1,500,000- 
lb-thrust engines.) 
Also, on May 25th, a prerecorded voice message was successfully transmitted 

from NRL to the Bell Telephone Laboratories via Echo I, the quality of the 
transmission being virtually as good as in previous experiments. 

The First National Conference on the Peaceful Uses of Space was held 
at Tulsa, Okla. Leading American space scientists and technologists ap- 
praised the current and future applications of space science and technology for 
human welfare. It was sponsored by the Tulsa Chamber of Commerce and 
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NASA, with the Aerospace Industries Association, Aerospace Medical Asso- 
ciation, American Astronautical Society, American Institute of Biological 
Sciences, American Rocket Society, Electronic Industries Association, Fron- 
tiers of Science Foundation (Oklahoma) ; and Institute of the Aerospace 
Sciences as cosponsors. 

June 

NASA announced accelerated recruiting of qualified scientists and en@ 
neers at its field centers to fill anticipated manpower requirements in the 
expanded space exploration program. During 1960 NASA had interviewed 
3000 persons on 100 college campuses. 

Astronomers of Lick Observatory positioned a 36-inch refractor telescope 
to intersect the path of Echo I at its predicted point of maximum elevation. 
The prediction of GSFC was confirmed at the exact time and within 10 minutes 
of arc. 

A NASA press conference revealed that data from Vanguard I11 (Novem- 
ber 15 to 17,1960) and Explorer VI11 (also during November 1960) indicated 
that high-velocity clouds of micrometeorites moved near the earth, perhaps in 
a meteor stream around the sun. These new data had just been from discovered 
from completed analysis. 

Echo I completed its orbit 3697 after 9 months in orbit. When this first 
passive communications “balloon satellite” was launched on August 12, 1960, it 
was not expected to have a long life span. 

The Argentine Comision Nacional de Investigaciones Espaciales and NASA 
signed a memorandum of understanding for a cooperative space science re- 
search program using sounding rockets. 

A four-stage Javelin fired to 560-mile altitude from Wallops Island tested 
the extension of two 75-foot antenna arms on radio command, a test flight in the 
Canadian-U.S. Alouette satellite program. 

President Kennedy directed the National Aeronautics and Space Council 
to undertake a full study of the Nation’s communications satellite policy; he 
stated that leadership in science and technology should be exercised to achieve 
worldwide communications through the use of satellites at the earliest prac- 
ticable date. The President said that, although no commitments as to an oper- 
ational system should be made, the Government would “conduct and encourage 
research and development to advance the state of the art and to give maximum 
assurance of rapid and continuing scientific and technological progress.” 

Tiros I1 completed 7 months in orbit, still providing useful data. 
NASA entered a letter contract with RCA for four additional Tiros 

weather satellites. 
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July 

The Weather Bureau announced that cloud-cover pictures taken by Tiros 
I went on public sale at the National Weather Records Center, Asheville, N.C. 

The National Science Foundation released a forecast of the Nation’s science 
needs for the next decade, which predicted that the United States would need 
nearly twice 5 ~ s  many scientists in 1970 (168,000) as today (8’7,000). 
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The Tiros I11 (1961~1) weather satellite was successfully launched into 

Two Nike-Cajun rockets launched University of New Hampshire-GSFC 

Tiros I1 photographed tropical storm Liza in the Pacific Ocean, pinpoint- 

a near-circular orbit by the Thor-Delta booster from Cape Canaveral. 

payloads from Wallops Island. 

ing its location for meteorologists. 

Italy and the Mediterranean as seen from a Tiros satellite. 

NASA Administrator Webb, in Congressional testimony, pointed out that 
the Tirw cloud-cover program was known to the entire world, involved no 
surveillance, and promised great benefits to all nations. He pointed out that 
data from the Tiros satellites had been made available to all, including the 
Soviet Union. 

NASA and AT&T signed a cooperative agreement for the development and 
testing of two, possibly four, active communications satellites during 1962. 
AT&T would design and build the TSX satellites at its own expense, and would 
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reimburse NASA for the cost cyf the launchings by Thor-Delta vehicles at Cape 
Canaveral. The relation between this contract and the overall NASA com- 
munications satellite program, aimed at early development of an operational 
system, was explained at a N14SA press conference. 

The Chief of the Japanese Weather Bureau, Kiyoo Wadachi, reported 
that 30 observations from Tiros I11 had been received from the United Sbtes. 

Tiros I1 transmitted a photograph of a major storm off the south tip of 
Africa. Launched on November 23, 1960, Tiros I1 had been expected to have 
a useful lifetime only of about 3 months. 

NASA awarded a contract to the University of Michigan to continue to 
provide research instrumentation for measurement of temperatures and winds 
at altitudes up to 150 km with Nike-Cajun and other sounding rockets. 
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August 

Tiros I1 transmitted a photograph of a major &rm in the northwest 
Pacific Ocean. 

Over 100 foreign weather services were invited by NASA and the U.S. 
Weather Bureau to participate in the Tiros I11 experiment for a 9-week period 
beginning today. The program provided cooperating services with an oppor- 
tunity to conduct special meteorological observations synchronized with passes 
of the satellite. 

NASA announced negotiation of a contract with Hughes Aircraft Co. for 
construction of three experimental synchronous communications satellites 
(Syncom). 

Echo I completed its first year in orbit, still clearly visible to the naked eye, 
after traveling 4480 orbits and 138 million miles. Frcho I had provided the 
basis for over 150 communications experiments, recent, ones indicating only a 
40-percent reduction in transmission reflection Giaused by the changed shape. 
It also provided significant data on atmospheric drag and solar pressure. 

Aerobee 150A, with a liquid-hydrogen experiment, was fired from Wallops 
Island. 

Explorer XI1 (1961~1) was placed into a highly eccentric orbit, by a 
Thor-Delta booster from AMR, to provide detailed evaluation of the behavior 
of energetic particles between a 180- and 47,800-mile altitude. Under GSFC 
this “windmill” satellite carried six experiments developed by Ames Research 
Center, State University of Iowa, University of New Hampshire, and GSFC. 
Several days were required to confirm the orbit. All instrumentation operated 
normally. 

NASA announced that Explorer XI1 had successfully completed its first 
orbit and was sending data on magnetic fields and solar radiation from an 
apogee near 54,000 miles and a perigee within 170 miles of the earth. 

Tiros 111 spotted two storm cells about 500 miles south and southwest of 
Hawaii; reports alerted Honolulu and Guam of these previously unknown 
potential typhoons. 

146 



A P P E N D I X  B 

7967 (C0nf.J 

August--Confinued 

of continuous coverage on interrelated data in its eccentric orbit was pointd 
out. 

Wallops Island; it was a micrometeorite counting satellite developed by the 
Langley Research Center and GSFC. 

Transmitting considerable data on micrometeoroids, the spacecraft was last 
heard on August 27 by the Minitrack facility at Antofagasta, Chile. 

With the successful launch of Explorer XI1  on August 15, the Delta launch 
vehicles had successfully launched five satellites in six attempts, the only failure 
being the first attempt. Delta’s high reliability record began with Echo I on 
August 12, 1960, and included Tiros I1 and 111, and Explorers X and XII. 
Built by prime contractor Douglas Aircraft, the NASA Delta launch vehicle 
consists of a Thor first stage (Rocketdyne MB-3 liquid fuel engine), Aerojet- 
General second stage (AJ-10-118, an improved Vanguard second stage), and 
an Allegany Ballistics Laboratory third stage (X-248 rocket spin-stabilized 
version of the Vanguard third stage). 

NASA held a news conference on Explorer XII, at which the great amount 21 

Explorer XI11 (1961x1) was placed into orbit by the Scout rocket from 25 

NASA announced that Explorer XI11 had reentered the atmosphere. 29 

During 
the 

Month 

Sepfember 

Tiros I11 photographed Hurricane Esther in the process of formation, 2 
days before hurricane-hunter aircraft verified winds of hurricane force. How- 
ever, the quality of the Tiros I11 pictures, processed in 8 hours through the 
National Meteorological Center, Suitland, Md., were not alone sufficient for 
identification of the hurricane. 

On the same day, Tiros I11 also observed one-eighth of the earth, providing 
data on two other active hurricanes (Carla and Debbie), one dissipating hurri- 
cane (Betsy), two typhoons (Nancy and Pamela), and at least one other vortex 
storm. 

Two experiments to measure atmospheric winds, temperature, and density 
in relatively high altitudes were conducted from Wallops Island in two four- 
stage Argo D 4  rocket launches. Sodium clouds were released at near 120 
statute miles and again at 228 miles in the first launch, and at 118 and 230 miles 
in the second launch. French scientists participated by using special optical 
instruments to observe the brilliant orange and yellow clouds which stirred a 
rash of public inquiries from hundreds of miles. 

Construction began on Building 8, the Satellite Systems Laboratory at 
GSFC. 

In  a stirring address to the A4ssembly of the United Nations meeting in 
New York, President Kennedy called for “world law in the age of self-deter- 
mination” rather than a “world war in the age of mass extermination.” Among 
basic proposals for waging effective peace, he urged “keeping nuclear weapofis 
from seeding new lbattlegrounds in outer space,” in projecting the theme that 
“the events and decisions of the next 10 months may well decide the fate of 
man of the next 10,000 years.” 

10 

13 

16 

25 
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28 fo 29 

During 
fhe 

Month 

A pair of spin-up rockets on Tiros I1 successfully fired after more than 10 
months in orbit. 

Congress appropriated funds to the U.S. Weather Bureau for implemen- 
tation of the National Operational Meteorological Satellite System. To phme 
in as early as technology warrants and to continue expanding the operational 
capability through the early Nimbus (advanced weather satellite) launchings 
by NASA, the system was planned to be fully operational by 1966, when the 
Nimbus system would become operational. The system would include data 
acquisition stations in northern latitudes, communications for transmitting the 
data, ‘and a National Meteorological Center to receive, process, analyze, and 
disseminate the derived information over domestic and international weather 
circuits. 

October 

The h a 1  report of House Committee on Science and Astronautics relating 
to their hearings on “Commercial Applications of Space Communications 
Systems” was released, having among its conclusions : 

(1) Because of the worldwide interest and potential usefulness of a space 
communications system, the U.S. Government must “retain maximum flexibility 
regarding the central question of ownership and operation of the system.” 

(2) NASA will not only evaluate the various commercial proposals but 
will “conduct all space launches and retain direct control over all launching 
equipment, facilities, and personnel.” 

(3)  Research and development of military space communications systems 
should continue to be conducted by DOD, but all research and development in 
space communications “should be conducted under the general supervision of 
NASA in accordance with its statutory mandate to plan, direct, and conduct 
aeronautical and space activities” as well as evaluate the technical merits of 
proposed systems. 

The Ad Hoc Carrier Committee established by FCC to make an industry 
proposal on the development and operation of commercial communications 
satellites recommended a nonprofit corporation be formed, to be owned by 
companies engaged in international communications, with the U.S. Government 
having one more representative on the board of directors than any single 
company. Western Union filed a minority statement proposin5 a public stock 
company arrangement to prevent dominance of the corporation by any one 
company. 

After its second year, Explorer VI1 was still transmitting, although it had 
been scheduled to stop a year ago. 

An Argo D 4  launched from Wallops Island carried a Canadian-U.S. 
topside sounding satellite payload to 560-mile altitude. 

P-21, the Electron Density Profile Probe, was launched, with good data 
received. Electron density measurements were obtained to about 1500 miles, 
a new “first.” 

Construction began on Building 10, the Environmental Testing Lalboratory 
a t  GSFC. 

13 
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NASA announced that it had ordered 14 additional Delta launch vehicles 23 
for Relay, Syncom, Telstar, and Tiros satellites. 

from Wallops Island with a 60-lb payload that reached a 90-mile altitude in a 
study of electron density and temperature in the upper level of the !atmosphere. 

readiness of the worldwide Mercury tracking network would take place at 
AMR. 

GSFC and the Geophysics Corp. of America launched a Nike-Cajun rocket 27 

NASA announced that the first Mercury-Scout launch to verify the 29 

November 

The Bell Aerosystems Co. announced the design of a “practical zero gravity 
belt” to propel a man ‘a short distance in space. 

Tiros I1 had completed its first year in orbit, still transmitting cloud-cover 
photographs of usable quality, although it had been expected to have a useful 
lifetime of only 3 months. Tiros I1 had completed 5354 orbits and had 
transmitted over 36,000 photographs. 

Senator Robert Kerr announced that he would introduce 1egisEation to 
authorize private ownership to the U.S. portion of the proposed worldwide 
communications satellite system. His bill would create the “Satellite Communi- 
cations Corp.” which the participating firms would buy into. 

December 

12 

23 

27 

15 

I 8  

Explorer XI1 had returned voluminous data revising previous information 
on the Van Allen radiation belts and showing them to be no substantial prob- 
lem to manned space flight. Launched on August 15, 1961, and transmitting 
until December 6, 1961, Explorer XI1  returned information amounting to 5636 
telemetry tapes (2400 feet each). Of principal interest was its finding that the 
Van Allen belts have a 1000 : 1 preponderance of protons over electrons. Since 
the protons are of less than 1 MeV, they d? not themselves offer a serious 
radiation problem and serve to slow the velocity of other radiation. 

Dr. Robert Jastrow, Chief of the Theoretical Division and Director of the 
Institute for Space Studies of GSFC, making the 25th annual Wright Brothers’ 
Lecture before the Institute of Aerospace Sciences, reviewed progress in the 
space sciences and said that one of the most exciting and fruitful areas thus far 
had been investigation of “solar control over the atmosphere of the earth: the 
causes of weather activity in the lower atmosphere, and the structure of the 
upper atmosphere.” 

NASA announced that the first station in a network of data-gathering sta- 
tions for use with second-generation (advanced) satellites had been completed 
near Fairbanks, Alaska. The site for the second of the $5 million installations 
(each had a high-gain antenna 85 f t  in dimmeter) was announced to be Rosman, 
N.C., 40 miles southwest of Aslieville. 

The West German Post Office indicated it would construct near Munich 
a ground station capable of handling LIP to 600 phone calls simultaneously for 
operations, in late 1963 or early 1964, with Telstar and Relay type satellites. 

During 
ihe 

Month 
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January 

18 GSFC selected Rohr Aircraft Corp. to negotiate the manufacture and 
erection of three 85-foot-diameter parabolic antenna systems at Pisgah NationaI 
Forest (Rosman, N.C.) ; Fairbanks, Alaska ; and an undetermined location in 
eastern Canada. 

At a NASA press conference, scientists described preliminary scientific 
results obtained by Explorer XII, based on a study of 10 percent of the data. 
It appeared that instead of the two radiation belts (previously called the inner 
and outer Van Allen belts) there was one magnetosphere extending roughly 
from 400 miles above the earth to 30,000 to 40,000 miles out. 

GSFC announced the selection of Motorola, Inc., Military Electronics Divi- 
sion, of Scottsdale, Ariz., as contractor for research and development on the 
Goddard range and range-rate tracking system. Intended for tracking satel- 
lites in near-space and cislunar space, the system would measure spacecraft 
position to within a few feet and velocity to within fractions of a foot per 
second, by measuring carrier and sidetone modulations. 

Dr. Sigmund Fritz of the Weather Bureau reported that Tiros I11 had 
spotted fifty tropical storms during the summer of 1961. 

Explorer X detected a “shadow” on the side. of the earth away from the 
sun ; this shadow was marked by an absence of the solar wind, a belt of plasma 
moving out from the sun at about 200 miles/second but deflected around the 
earth by the earth’s magnetic field and creating a cone-shaped  hadow' ow'^ some 
100,000 miles across at its larger end. The Explorer X findings were reported 
to the annual meeting of the American Physical Society in New York by Dr. 
Bruno Rossi of the Massachusetts Institute of Technology. 

19 
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“Satellite Communications Corporation,, bills were introduced by Senator 
Robert Kerr (S. 2650) and by Rep. George Miller (H.R. 9696), which would 
amend the NASA Act by adding a new section which would declare that it is 
“the policy of the United States to provide leadership in the establishment 
of a worldwide communications system involving the use of space satellites.” 
The section would create a “Satellite Communications Corporation” which 
would be privately owned and managed, and which would develop and operate 
a communications satellite system. 

25 

Antenna at Rosman, North Carolina. 

Explorer I had completed its fourth year in orbit and had a life ex- 

The Nimbus meteorological satellite underwent a rigorous test program at 

NASA awarded a contract to the Kollsman Instrument Division for a 38- 

31 
pectancy of several more years. 

During 
the 

Month 
General Electric’s Missile and Space Vehicle Center, Valley Forge, Pa. 

inch-diameter primary mirror in the space telescope to be used in the Orbiting 
Astronomical Observatory (OAO) . 

February 

Tiros I V  (1962p1) was launched by a three-stage Thor-Delta rocket &om 8 
Cape Canaveral into a near-circular orbit with an apogee of 525 miles and a 
perigee of 471 miles. It featured the same basic types of equipment as previous 
Tiros satellites, including cameras for cloud-cover photography and infrared 
sensors to measure temperatures at various levels in the atmosphere. The 
principal innovation was a camera with new type of wide-angle lens covering 
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an area 450 miles on a side, which was expected to provide minimum distortion. 
A NASA press conference reported that the quality of Tiros I V  pictures was 
good. 

Explorer IX (196161) was launched. The balloon and fourth stage 
orbited. Transmitter on the balloon failed to function properly and required 
optical tracking. 

NASA announced plans to attempt to launch the 440-lb Orbiting Solar 
Observatory (OSO) , containing 13 experiments, within a week. 

The National Center for Space Studies of France, headed by Pierre Auger, 
released a summary of its 1962 space program : launching of sounding rockets 
carrying a rat and later a cat to 125 miles altitude; research observations of 
the sun and various planets ; and telecommunications experiments. France 
would also cooperate in a joint satellite project with the U.S. and participate 
in the European Organization for Space Research. 

Soviet scientists claimed to have discovered the third radiation belt around 
the earth and published such findings two years before the findings of Explorer 
XI1 were made public by NASA on January 19,1962. 

James S. Albus, an engineer at GSFC, was awarded $1000 for his invention 
of a digital solar aspect sensor. 
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Tiros weather satellites had been of major assistance in improving weather 
forecasts for airline operations. Mr. Silvio Simplicio, supervising forecaster 
at New York International Airport, said: “We can do a job nowadays we 
never thought we could do years ago . . . With the aid of the Tiros satellites 
we never had it so good, and with the Nimbus meteorological satellite now 
undergoing tests, we expect even better results." 

Morton J. Stoller, NASA’s Director of Applications, testified before a 
subcommittee of the House Committee on Science and Astronautics that each 
of the series of weather satellite projects, Tiros, Nimbus, and Aeros, would 
not only provide an advance in capability but would extend observations into 
vital new areas. 

OS0 I, Orbiting Solar Observatory I (1962 (1) was successfully launched 
into orbit from Cape Canaveral, marking the seventh straight success for the 
Thor-Delta booster. 

It was decided that the tracking network that operated during the Glenn 
orbital flight would for the most part be sufficient to handle the 18-orbit manned 
flights to follow, according to Edmond C. Buckley, NASA’s Director of Track- 
ing and Data Acquisition, in testimony before a subcommittee of the House 
Committee on Science and Astronautics. 

NASA announced that Echo I, the 100-ft balloon-type passive communi- 
cations satellite launched on August 12, 1960, had recently become increas- 
ingly difficult to see. its original 
size; this was due eit.her to shrinkage or distortion during its lv2 years in orbit. 

A press conference of Smithsonian Astrophysical Observatory and NASA 
scientists reported that Explorer IX, launched on February 16, 1961, had 
provided new and refined information on the density of the upper atmosphere. 
They confirmed a figure previously released-that the density of the atmos- 
phere at 420 mi. was 3XlO-I7 gm/cm3. Explorer IX density values were 
about 10 times lower than those computed in 1959 from earlier satellites. Most 
of this decrease w p  attributed to the decrease in solar activity since the peak 
of the solar cycle in 1958 and 1959. Changes were also clearly related to the 
27-day rotational period of the sun and to the occasional Violent solar storms 
that affect the earth’s atmosphere. Explorer IX, a 12-ft aluminum-foil sphere 
painted with white “polka dots,” was expected to have an orbital life of two 
more years. As it spiraled down into denser atmosphere, it was expected to 
provide much more information on density at altitudes down to 100 miles. 

The National Rocket Club announced the establishment of the Dr. Robert 
H. Goddard Historical Essay Award, an annual competition in the history of 
rocketry and astronautics, the first such competition in the field of hiskory. 

Today marked the first anniversary of the dedication of NASA’s Goddard 
Space Flight Center. During this year, seven Goddard satellites were orbited 
and the Center successfully operated the new 18-station world tracking net- 
work for the first manned orbital flight, began expansion of the 13-station 
scientific satellite tracking and data network, saw some 70 of its sounding 
rocket payloads launched from ’5Vallops Island, established the Institute for 
Space Studies in New York, and added three buildings and ‘700 persons to 
its staff. 
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The coordination of international arrangements for exchange and dissemi- 
nation of weather satellite information was on the agenda of the third session 
of the U.N.’s Commission for Synoptic Meteorology as it opened a 26-day 
session in Washington. 

NASA fired a Nike-Cajun rocket from Wallops Island, which released a 
sodium vapor cloud between 25 and 74 miles altitude. Rays of the setting sun 
colored the sodium cloud red (instead of sodium vapor’s normal yellow). 

The Senate Aeronautical and Space Sciences Committee unanimously ap- 
proved a bill for ownership and operation of the Nation’s commercial commu- 
nications satellites. 

A four-stage NASA Scout rocket carried the P-21A probe payload 3910 
miles into space and 4370 miles downrange from Wallops Island. 

During the month NASA completed work on its first major launching facil- 
ity on the West Coast, a Thor-Agena pad at Vandenberg Air Force Base, 
Calif. A used gantry was shipped from Marshall Space Flight Center and 
installed at a $1 million saving over cost of new construction. This pad would 
be used for NASA polar-orbit launches, such as for Echo 11, Nimbus, and 
POGO (Polar Orbiting Geophysical Observatory). 

26 
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28 

29 

During 
the 

Month 

1 

2 

1 1  

13 

15 

April 

Today marked the beginning of the third year of successful weather satel- 
lite operation by Tiros satellites. Tiroe I, launched on April 1,1960, performed 
beyond all expectations, operated for 78 days, transmitted almost 23,000 cloud 
photos, of which some 19,000 were useful to meteorologists. Tiros 11, launched 
November 23, 1960, had transmitted more than 33,000 photos and one year 
after launch was still occasionally taking useful photos. Tiros 111, launched 
July 12, 1961, took 24,000 cloud photos and was most spectacular as a “hurri- 
cane hunter.” Tiros IV, launched February 8, 1962, had averaged 250 opera- 
tionally useful photos per day. 

OS0 I, launched March 7,1962, was reported by NASA to be performing 
well. As of this date, 360 telemetry data tapes had been recorded from 403 
orbits. About 1 year would be required for complete analysis of the data. 

NASA Administrator James E. Webb, testifying before the Senate Com- 
mittee on Commerce, supported the President’s bill setting up a communica- 
tions satellite corporation and approved of the Senate amendments, but noted 
his resewations on the one that would direct the FCC to encourage communica- 
tions common carriers to build and own their own ground stations. 

NASA Administrator James E. Webb, addressing the National Conference 
of the American Society for Public Administration in Detroit, said: “No new 
department or agency in the recent history of the Executive Branch of the 
Federal Government was created through the transfer of as many units from 
other departments and agencies as in the case of NASA. Three and one-half 
years ago, NASA did not exist. Today NASA comprises approximately 20,500 
employees, ten major field centers, and an annual budget approaching the $2 
billion mark.” 

The U.S. Weather Bureau began daily international transmissions of cloud 
maps based on photos taken by Tiros IV. 
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NASA launched a Nike-Cajun sounding rocket from Wallops Island which 17 
detonated 12 grenades at  altitudes from 25 to 57 miles. 

Echo I. Signals were beamed from MIT’s Lincoln Laboratory, Camp Parks, 
Calif., bounced off Echo I, and received at Millstone Hill near Westford, Mass. 

was launched into orbit from Cape Canaveral by a Thor-Delta booster. The 
136-lb spacecraft was built by GSFC and carried six British experiments to 
make integrated measurements in the ionosphere. Three experiments measured 
electron density, temperature, and composition of positive ions in the iono- 
sphere, while two experiments were designed to monitor the intensity of radia- 
tion from the sun in the ultraviolet and x-ray bands of the solar corona. The 
sixth experiment was designed to measure cosmic rays, supported by simultane- 
ous experiments on the ground, on aircraft, and on balloons. 

Japan and the U.S. launched a joint sounding rocket from Wallops 
Island. NASA provided the Nike-Cajun rocket, launch facilities, data acqui- 
sition, and a Langmuir probe to measure electron temperature. Japan 
furnished other instrumentation, a device designed to make simultaneous 
measurements of electron temperature and density, functions which had re- 
quired two separate instruments. The height of the flight was 75.6 miles. 

NASA graduated its first group of Project Mercury tracking personnel 
from a new course at Wallops Island, the seven graduates being personnel 
from firms having contracts with DOD and NASA. 

The first transmission of TV pictures in space was made via orbiting 24 

Ariel I (1962al), the first international satellite, a joint U.K.-U.S. effort 26 

Dr. Kunio Hirao and Mr. Toshio Muraoka at the launch of the first U.S.-Japanese 
space probe. 
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The second Nike-Cajun probe with a Japanese payload was canceled for 
the third time because of high winds at Wallops Island. 

A spokesman at the British tracking station at Winkfield said that "Ariel 
1's signals are good and everything seems satisfactory." 

Tiros IV  continued in operation and, to a great extent, was providing 
excellent data. Over 20,000 pictures had been received. A total of 217 nepha- 
nalyses had been prepared up to March 26, and 199 had been transmitted over 
national and international weather circuits. 

Tiros I1 was turned on late in April by an unknown spurious source. An 
engineering investigation was run in early May before turning it off again. 
An analysis of the data indicated that some usable I R  data were obtained. 
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NASA scientists reported to the COSPAR session that data from Explorer 
IX indicated that the upper atmosphere was heated by sunspot activity. 

Two GSFC scientific sounding rockets were launched from Wallops Island. 
An Iris research rocket launched with test instrumentation did not achieve 
its programmed altitude and landed 175 statute miles downrange. 

The House of Representatives passed the Communications Satellite Act 
of 1962 by a vote of 354 to 9, creating machinery to operate the U.S. portion 
of a worldwide communications satellite system. 

O S 0  I had completed 1000 orbits ; approximately 900 telemetry data tapes 
had been acquired and forwarded to all experimenters. 

The second and third joint Japan-U.S. space probes were successfully 
launched from Wallops Island; the second Nike-Cajun reached a 76-mile alti- 
tude and the third, and last-a night shotreached an 80-mile altitude. 

The first of a series of 80 rocket probes to determine wind patterns over 
Cape Canaveral was initiated with the launch of a single-stage Nike to 80,000 
ft,  where it released a white smoke screen for photographic study. 

The Geophysics Corp. of America reported receipt of a Weather Bureau 
contract to study and explain the formation of vast bands of cloud patterns in 
the upper atmosphere, a phenomena first revealed in photographs relayed by 
Tiros I. 

Building 5 at GSFC was completed. 
The Senate Commerce Committee tentatively approved a space commu- 

nications satellite corporation bill after adopting 32 amendments, one virtually 
identical to the bill passed by the House on May 3. 

NASA announced that Ariel I, the U.K.-U.S. ionosphere satellite launched 
on April 26, was functioning well except for one experiment, the solar ultra- 
violet detector. 

Checkout was completed for the Alaska Data Acquisition Facility near 
Fairbanks, and the University of Alaska assumed responsibility. Part of the 
GSFC system, the Alaskan facility is an 85-ft dish ; and its associated electronics 
system will be used on tracking and data acquisition of the polar-orbiting 
Nimbus, EGO (Eccentric Geophysical Observatory), and POGO (Polar- 
Orbiting Geophysical Observatory) satellites. 
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A cooperative program for testing the Relay and Telstar communications 5 

satellites by NASA and communications organizations in the U.S., Europe, and 
South America was announced by NASA. Ground stations and the communi- 
cations experiments would be provided by AT&T, IT&T, the British General 
Post Office, the French National Center for Telecommunications Studies, the 
West German Post Office, the Brazilian Department of Posts and Telegraphs, 
and the Telspazio of Italy. 

Relay I, launched December 13, 1362. 

Three sounding rockets were launched from Wallops Island. The first, 6 

a Nike-Apache, launched at 7 :40 p.m. (EDT) with a 70-lb payload containing 
a Pitot-static probe, reached a 78-mile altitude. The second, a Nike-Cajun, 
launched at 8 :05 p.m., consisted of 11 explosive charges and a balloon, released 
between 25 and 64 miles altitude. The third, a Nike-Asp, was launched 
at 8 5 6  p.m. and consisted of sodium vapor clouds to measure atmospheric 
winds and diffusion, ejected at about 20 miles and extending to a peak altitude 
of about 100 miles. 

peratures in the upper atmosphere was launched from Wallops Island. In  
the night flight, 12 special explosive charges were ejected and detonated at 
intervals from about 25 up to 58 statute miles altitude. 
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NASA announced selection of Bendix Corp.’s Radio Division, Towson, 
Md., for a contract to operate five of NASA’s worldwide Project Mercury 
tracking and communications stations. 

Tiros I V  was no longer transmitting pictures usable for global weather 
forecasting, although it was still taking “direct” pictures on command which 
were suitable for limited U.S. weather analysis. 

The GSFC Test and Evaluation Division conducted a “simulation” sum- 
mer workshop to promote the exchange of technical information between 
GSFC and the rest of the scientific community. 

A two-stage Nike-Apache sounding rocket was launched from Wallops 
Island with a 95-lb payload to a 89-mile altitude with a GSFC experiment 
to measure electron density and electron collisioo frequency in the ionosphere 
under undisturbed conditions. 

NASA launched the first two of six tests on the performance of the Cana- 
dian Black Brant sounding rocket. The first carried a payload to 58 miles 
above Wallops Island, the second reached 62 miles. 

The U.S. Weather Bureau announced that the formation of the season’s 
first hurricane would be detected by one or all of its battery of ships, planes, 
radar systems, and Tiros weather satellites. Last year Tiros I11 had dis- 
covered Hurricane Esther as it was forming in the Atlantic Ocean. Alto- 
gether, the Weather Bureau said, Tiros I11 had seen five hurricanes and one 
tropical storm in the Atlantic, two hurricanes and a tmpical storm in the 
eastern Pacific, and nine typhoons in the central and western Pacific. In  
preparation for the 1962 season, the Weather Bureau arranged to transmit satel- 
lite cloud photographs by photofacsimile to warning centers in San Juan, 
New Orleans, and Miami, where they would be used in forecasting and track- 
ing tropical storms. 

NASA selected the Hughes Aircraft Co. for negotiating a $2.5 million, 
6-months study contract on an Advanced Syncom (synchonous communica- 
tions) satellite. The contract covered satellite subsystems which would require 
long lead-time developmental and feasibility work. This second-generation 
Syncom would be a 500-lb, spin-stabilized satellite capable of relaying hundreds 
of telephone calls or carrying several TV channels. (The first-generation 
Syncom, for which Hughes was prime contractor, was limited to single tele- 
phone channel relay.) The Syncom project is under the technical direction 
of GSFC. 

OS0 I, launched March 7,1962, had provided 1000 hours of data from its 
solar-pointed experiments prior to failure of its real-time telemetry on May 22, 
1962. 

Tiros V (1962A-al) was launched into orbit by a Thor-Delta booster from 
Cape Canaveral. A faulty guidance system placed it into an elliptical orbit 
(apogee, 604 miles, perigee, 367 miles, period, 100.5 min.) instead of a 400-mile 
circular orbit. 
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An Aerobee 150A was launched from Wallops Island with a 271-lb pay- 
load boosted to 97-mile altitude; it carried a camera to study the behavior of 
liquid hydrogen under conditions of symmetrical heating and zero gravity. 

OS0 I began transmitting real-time data on solar observation after 5 
weeks of intermittent transmittal. 

July 

OS0 I was transmitting continuous Signals, and 20 p m n t  of real-time 
data was being acquired from each 95-min orbit. 

Ariel I discovery of a new ion belt, at an altitude of 450 to 500 miles, was 
announced at the International Conference on the Ionosphere, London, by Prof. 
James Sayers of Birmingham University. 

Tiros V stopped transmitting pictures from the Tegea-lens, medium-angle 
camera. The Tegea camera system transmitted 4701 pictures of which 70 per- 
cent were considered of excellent quality. The wide-angle Elgeet-lens camera, 
which was still functioning, had transmitted 5100 pictures to date, some of 
which aided in the analysis of Typhoon Joan over the western Pacific. 

Telstar I (1962A-rl), the first privately financed satellite, was launched 
into orbit from AMR by a Delta booster. Its apogee was 3503 miles, perigee 
593 miles, inclination 44.79 degrees, and period 157.8 min. The satellite was 
funded by the American Telephone and Telegraph Co. (AT&T) under a 
NASA-AT&T agreement of July 2’1,1961. 

July 10th marked the first commercial transmission of live TV via satellite 
and the first transatlantic TV transmission, when Telstar I demonstrated its 
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vast capabilities. I n  one test pictures were telecast from Andover, Maine, to 
Telstar I, then returned and placed on all three major TV networks in the U.S. 

The launching of Telstar I marked the tenth consecutive successful flight 
of the three-stage Delta rocket. The history of Delta goes back to the Thor- 
Able and the earlier Vanguard, from which it acquired its upper stages. 

I 1  

13 

A picture transmitted by T e l h .  

A NASA invention award was made to David H. Schaefer of GSFC, along 
with 13 members of the Lewis Research Center staff. 

A transatlantic telephone conversation via Telstar I was held between 
Jacques Marette, French Communications Minister, and AT&T President Eu- 
gene McNeely. On the next orbit, Sir Ronald German, Director-General of 
the British Post Office, spoke with McNeely. Technicians had unofficially 
talked on this transatlantic circuit the day before, July 12. 

Cleveland educators pointed out that the transatlantic communications 
prompted by Telstar I and other satellites would be a tremendous incentive to 
foreign language study. 

Britain transmitted the first transatlantic color TV, twice transmitting 
still photographs to Andover. 

NASA launched a rigidized Echo-type balloon on a Thor ’booster to 922 
miles in an inflation test. Nicknamed “Big Shot,” the 13-story balloon was 
inflated successfully and was visible for 10 minutes from Cape Canaveral. A 
movie film capsule parachuted into the sea northeast of San Salvador w m  re- 
covered by three “pararescue” men of the Air Rescue Service. This was the 
largest man-made object sent into space, the previous record being held by the 
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The Weather Bureau transmitted Tiros V photographs to Australia from 
Suitland, Md., the first time Tiros photographs had been transmitted abroad 
for current weather analysis by a foreign country. The photographs were of 
cloud formations west of Australia. 

Telstar I relayed two 20-minute live TV shows, the first formal exchange 
of programs across the Atlantic via Telstar I. 

The United Sbates Information Agency reported that the USSR had been 
invited to participate in the Telstar I broadcasts but had never answered the 
invitation. 

Three major TV networks in the U.S. telecast separate 5-minute newscasts 
via Telstar I, each featuring their respective Paris news correspondents. 

GSFC awarded a contract ko IBM Corporation’s Federal Systems Division 
for computer support services of Mercury flights, nonrendezvous Gemini flights 
(orbital flights of two men in one capsule), and the unmanned lunar flights 
scheduled as part of Project Apollo. 

Farmer President Dwight D. Eisenhower spoke on the people-to-people 
benefits to be gained by live international communications in a broadcast tele- 
vised to the U.S. via Telstar I from Stockholm, Sweden. 

August 

The Advanced Syncom satellite, being developed for NASA by the Hughes 
Aircraft Co., probably would carry four radio signal repeaters and would pro- 
vide up to 300 two-way telephone channels or one TV channel. 

General Electric announced that the control system for the first Orbiting 
Astronomical Observatory (OAO) had successfully completed its first simu- 
lated space flight test. 

NASA launched an Aerobee 1508 sounding rocket from Wallops Island. 
its 256-1b payload rose to 92-mile altitude and traveled a 60-mile distance 
downrange. 

Speaking on the Senate floor, Senator Estes Kefauver reiterated his belief 
that the communications satellite bill (H.R. 11040) ‘‘propused the most gigantic 
giveaway in the histpy of this country. . .” 

This marked the second birthday of Echo I, the passive communication 
“balloon” satellite. Since launch the Mylar balloon had orbited the earth 9000 
times and traveled 277,257,678 miles; it had been used for approximately 150 
communication experiments. 

Five NASA scientists, led by Ozro M. Covington of GSFC, arrived in 
Australia to inspect proposed sites for new tracking stations. 

The USSR declined the offer of U.S. networks to use the Telstar I satellite 
for relaying live telecasts of orbiting Soviet cosmonaub. 

NASA announced that GSFC had awarded three 3-month study contracts 
on the design of an Advanced OSO, to be launched into polar orbit during 
1965. The Advanced OS0 would aid development of a method of predicting 
flares. 

Construction began on Building 11, the Applied Sciences Laboratory at 
GSFC. 
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Nasa launched a Scout vehicle from Wallops Island in an experiment to 
make direct measurements of radiative heating during atmospheric entry. 

The French government announced its first satellite, weighing 150 lb, 
w d d  be launched in March 1966 and would be followed by others ithree and 
four times as large. 

A Nike-Apache launch vehicle carried*a 63-lb payload to approximately 
80 miles above Wallops Island, in an experiment to measure ion concentration 
and composition in the upper atmosphere. 

The International Edition of the New York Times contained articles 
(about 5000 words) transmitted from New York to Paris via Telstar I. 

DOD announced that Telstar I was being used to synchronize master 
clocks in England and the U.S. An acouracy of 10 millionths of a second 
was obtained in the first demonstration when stations at Andover, Maine, and 
Goonhilly Downs, England, simultaneously sent time-check signals via Tel- 
star I on August 25. 

GSFC announced it was training Italian scientists and engineers for the 
launching of Italy’s first satellite. The 165-lb satellite would be launched by 
1965 from a platform in the Indian Ocean off the eastern mast of Africa. 

NASA launched a four-stage Scout from Wallops Island with a reentry 
heatshield experiment. Two stages carried the payload to nearly 80 miles alti- 
tude, while the other two stages fired the payload back to earth at speeds near 
18,000 mph. 

27 

September 

An agreement establishing the Italy-U.S. cooperative space program, 
signed in May, was confirmed in Rome by Italian Foreign Minister Attilio 
Piccioni and U.S. Vice President Lyndon B. Johnson. The Memorandum 
of Understanding between the Italian Space Crommission and NASA provided 
a three-phase program, expected to culminate in the launching of a scientific 
satellite into equatorial orbit. Generally, NASA would provide Scout rockets 
and personnel training; Italians would launch the vehicle with its Italian 
payload and would be responsible for data acquisition as well as for a towable 
launch platform located in equatorial waters. 

IT&T announced plans for the NASA Project Relay satellite communi- 
cation experiment to link North and South America. 

Signals from Ariel I had been received during the past week by tracking 
stations. Ariel I had stopped transmitting after a U.S. high-altitude nuclear 
test because of radiation damage to the satellite’s solar cells. Although 
resumed transmission was not continuous, it did demonstrate Ariel’s regaind 
capability to return scientific data from space. 

NASA announced that the sixth Tiros weather satellite would be launched 
into orbit from Cape Canaveral on September 18, at the earliest. The launch 
date was moved 2 months ahead to provide backup for Tiros V cloud-cover 
photography during the last half of current hurricane season and to provide 
weather forecasting support for Astronaut Walter M. Sehirra’s orbital space 
flight September 28. The wide-angle TV camera in Tiros V continued to 
operate, but its medium-angle Tegea lens had stopped functioning on July 2 
because of “random electrical failure in the camera’s system.” 
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Tiros VI  (1962A41) was placed in orbit by the three-stage Delta vehicle 18 

from Cape Canaveral at 4 :45 p.m. EDT (apogee, 442 miles; perigee, 425 miles; 
period, 98.7 min; inclination, between 58.3" N and S latitude). 

a 117-mile altitude in an experiment to measure the absolute intensity of the 
spectrum of stars with 50A resolution and to measure ultraviolet fluxes. 

October. To be filled with helium while on the ground near the White Sands 
Missile Range, N.M., one balloon would be like Echo I, measuring 100 f t  in 
diameter and the other would be Advanced Echo type measuring 135 f t  in 
diameter. 

in polar orbit by a Thor-Agena B from Vandenberg Air Force Base. It was 
a Canadian Defence Research Board project, the first spacecraft built by any 
country other than the U.S. and USSR. 

An Aerobee 150A was launched from Wallops Island, the rocket reaching 22 

NASA announced plans to launch two Project Echo balloons during 28 

Alouette (1962B-d), the Swept Frequency Topside Sounder, was placed 29 

Alouette, launched September 29, 1962. 

NASA launched an Aerobee sounding rocket from Wallops Island. The 30 

259-1b instrumented payload reached a 106-mile altitude in a test to map 
sources of photons in specific wavelengths in the nighttime sky. 

Ocfober 

Explorer XIV (1962B-~l), the Energetic Particles Satellite, was launched. 2 

It studied trapped corpuscular radiation, solar particles, cosmic radiation, and 
the solar winds. 
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A Nike-Apache two-stage sounding rocket carried a 65-lb instrumented p y -  
load to 103 miles above Wallops Island. 

An Echo I type balloon launohed from the White Sands Missile Range 
ruptured at a 21-mile altitude and fell back to earth 91 min after launch. The 
100-ft-diameter balloon was to have reached 24 miles in structural test. 

NASA announced that Swedish and U.S. experimenters were studying 
samplings of noctilucent clouds obtained in four Nike-Cajun sounding rockeb 
flights during August. Preliminary analysis indicated tlmt samples taken 
when noctilucent clouds were observed contained significantly more particles 
than when no noctilucent clouds were visible, Analysis of the origin and 
structure of the particles might take up to a year. Participants in the project 
would include scientists from the University of Stockholm Institute of Meteor- 
ology, Kiruna (Sweden) Geophysical Observatory, GSFC, and USAF Cam- 
bridge Research Center. 

Construction was begun on Building 12, the Tracking and Telemetery 
Laboratory at GSFC. 

Explorer XV (1962B-hl) was placed in orbit by a Thor-Delta vehicle 
launched from Cape Canaveral. The initial orbital data : apogee, 10,950 miles; 
perigee, 195 miles; period, 315.3 min; inclination, 18.02 degrees to the equator; 
velocity at apogee, 6015 mph; and velocity at perigee, 21,598 mph. 

An Aerobee sounding rocket launched from Wallops Island carried a 230- 
lb payload to 116 miles. It landed in the. Atlantic Ocean 59 miles from the 
launch site. 

NASA officials said that five experiments aboard Explorer XV were work- 
ing well but that two others had been adversely affected by the satellite's 
excessive spin rate. 

NASA announced that 19 experiments would be included on POGO 
(Polar Orbiting Geophysical Observatory), to be orbited by a Thor-Agena 
vehicle launched from PMR. POGO would be the second in the OGO (Orbiting 
Geophysical Observatory) series and the first OGO in a polar orbit; it was 
scheduled for launch in early 1964. 

Explorer XIV had transmitted 589 hours of data to GSFC, which had 
released about 240 hours of data to the various experimenters. 

November 

NASA reported that the radiation satellite, Explorer XV was spinning 
at the rate of 73 rpm instead of a desired 10 rpm because of failure of the 
despin weights to deploy. Preliminary data indicated most experiments were 
functioning and that data received were of good quality. 

GSFC announced the award of $12 million worth of contracts for 
tracking-network modification in preparation for lengthy manned space flights. 

NASA fired two experimental rockets into the upper atmosphere within 
yz hour of each other, to obtain a comparison of electron density and wind 
profiles measured at about the same time. 
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GSFC announced it would conduct experiments using a Laser in tracking 
the S-66 ionosphere beacon satellite, to be launched into a polar orbit early 
next year. 

NASA Project Officer reported that Canadian Alouette, topside-sounder 
satellite, was performing as expected. Launched Sept. 28, it was considered 
“a very successful experiment since it is producing not only ionospheric data 
but also information about the earth’s magnetic field . . . Operation of the 
satellite continues to be normal . . .” 

The Hughes Aircraft Co. reported the final assembly of the Syncom 
satellite had been completed. The spacecraft was undergoing final checkout 
before delivery to Cape Canaveral, where it would be launched in early 1963. 

It was reported that TAVE (Thor-Agena Vibration Experiment), flown 
with the Thor-Agena launching Alouette, measured low-frequency vibrations 
to the Agena stage, and measured spacecraft interfaces during the Thor boost 
phase. 

I n  a news conference at MIT, Dr. James A. Van Allen predicted the radia- 
tion caused by the U.S. atmospheric nuclear test in July should be “undetect- 
able” by July 1963. Dr. Van Allen reported that signals from Injun, Telstar 
I, Explorers XIV and XV showed that the electronic stream had disappeared 
within a few days of the U.S. explosion and that the electrons at a 600-mile 
altitude were now undetectable. Electrons at a 900-mile altitude were still 
creating radio-astronomy interference, he acknowledged, but this should be 
gone by next July. 

A Nike-Cajun sounding rocket was launched from Fort Churchill, Canada, 
under direction of GSFC. The second stage failed to ignite, so that the rocket 
reached an altitude of only about 9.5 miles. 

An Aerobee sounding rocket was launched from Wallops Island. The 
vehicle carried a 211-lb instrumented payload up to 128 miles in an experiment 
to study the behavior of liquid hydrogen exposed to radiant heating and zero 
gravity. 

A Spaerobee sounding rocket was launched from Wallops Island with a 
90-lb payload to measure electron and neutral particle temperatures a t  75- to 
225-mile altitudes. 

Bell Telephone Laboratories reported the failure of Telstar I to respond 
to transmitter cutoff commands, followed by the satellite’s turning off its com- 
mand receiver. Bell scientists expected to correct the Telstar I communications 
system by remote control. 

Franco-American scientific sounding rocket launchings were coordinated 
when two U.S. launchings were made from Wallops Island while France 
launched one from Algeria (and failed to launch one from France). The 
first U.S. rocket (a Nike-Cajun), fired at 5 :57 a.m., carried a Langmuir probe 
to determine electron density and the temperature of the E layer of the iono- 
sphere (50 to 100 mile altitude) ; the second (Nike-Apache) , launched at 6 :15 
a.m., released a sodium vapor cloud to a 106-mile altitude, which spread over 
100 miles of the Eastern seaboard. 
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December 

Three sounding rockets were launched from Wallops Island in a series 
of GSFC experiments to study the structure and composition of the upper 
atmosphere and ionosphere : 

A Nike-Apache carried a 65-lb payload to a 105-mile altitude; the payload 
was designed to measure electron density, temperature, ion density, and con- 
ductivity of the ionosphere. 

A Nike-Apache with a 70-lb payload containing a Pitot-static probe 
reached 82 miles. It carried instrumentation designed to measure pressure, 
temperature, density, and winds in upper atmosphere. 

A Nike-Cajun was fired with a payload to measure winds and temperature 
in the upper atmosphere, the payload consisting of 12 special explosive charges 
which were detonated at intervals from about 24 to 58 miles. 

A Nike-Apache was also launched from Eglin Gulf Test Range, Fla., to 
a 128-mile altitude to measure winds by the sodium vapor method. 
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Also on December lst, the medium angle camera on Tiros V I  stopped 
transmitting pictures during orbit 1074, but the wide-angle camera was still 
sending pictures of “excellent quality.” 

GSFC launched two Nike-Cajun sounding rockets, one from Wallops 
Island, and one from Fort Churchill, Canada, for the purpose of comparing 
data on winds and temperatures in the upper atmosphere. 

A Nike-Ca jun launched from Wallops Island carried electron-density and 
temperature instrumentation to an 80-mile altitude, as part of the current 
series of upper-atmosphere studies. 

A sodium-vapor experiment launched with a Nike-Apache vehicle from 
Wallops Island was not successful because the payload did not perform 
properly. 

A Nike-Cajun sounding rocket launched from Wallops Island to measure 
high-altitude winds and temperatures carried a payload consisting of 12 special 
explosive charges which were ejected and detonated at intervals from 24- to 
57-miles up. 

Incorporators of the Communications Satellite Corp., authorized by the 
Communications Satellite Act of 1962, decided that temporary headquarters 
for the new company would be established in Washington, D.C. 

Relay I (1962 B-ul) was launched. Its purpose was to investigate wide- 
band communications between ground stations at a low altitude. 

The power supply on Relay I remained too low to operate the satellite’s 
instrumenbation properly. 

Explorer XVI (1962B-X1) was launched into orbit by a four-stage Scout 
vehicle from Wallops Island (initial orbital data: apogee, 733 miles; perigee, 
466 miles; period, 104 min; inclination, 52 degrees to tlie equator) and it began 
measuring micrometeoroids in space. 

The Relay I 136-Mc beacon was detected by tracking stations at  Santiago, 
Johannesburg, and Woomera, indicating the beacon had spontaneously turned 
itself on. 

Although the Relay I power supply remained low, tlie Nutley, N. J., ground 
station was able to obtain $about 10 minutes of usable telemetry data. 

Spontaneous transmission of the Relay I 136-Me beacon signal had been 
observed at Minitrack stations, NASA Relay Project Officer J. Russell Burke 
reported. 

The U.S. Weather Bureau announced the development of an infrared 
spectrometer, to be flight-tested in new balloons during the next 6 months. 
The 100 lb “flying thermometer” w~as planned for use in Nimbus weather 
satellites. 

Management of Project Anna, a geodetic satellite program, was trans- 
ferred from DOD to NASA. Anna I-B (1962B-p1), launched October 31, 
would remain a responsibility of DOD, with NASA scientific direction, but 
further launchings would be planned and executed by NASA. 

Eugene W. Wasielewski, Associate Director of GSFC, told the National 
Rocket Club that Ariel I (U.K.-U.S. satellite) was “beginning to show signs 
of trouble.” 

6 

10 

13 

15 

16 

17 

18 

19 

20 



T H E  E A R L Y  Y E A R S  

7962 (Cont.1 

21 

27 

28 

30 

31 

During 
fhe 

Month 

Decem be-Continued 

Canada and the U.S. announced a cooperative venture to build a data 
acquisition station for the Nimbus meteorological satellite program at 
Ingomish, Nova Scotia. 

GSFC officials reported that they had received “indications the voltage had 
recovered somewhat” in Relay I, but they doubted that its communications 
mission would be accomplished. 

Interaction of winds in the lower atmosphere and turbulence in the upper 
atmosphere were discussed at the meeting of the American Association for the 
Advancement of Science by University of Chicago scientist Colin 0. Hines. 

AT&T announced that Telsbar I1 communications satellite would be 
launched in the spring of 1963; it would attempt to avoid or overcome 
radiation damage which had shortened the life of Telstar I. 

Goddard Space Flight Center had over 2850 people employed or committed 
for employment. 

Modulation from Ariel I appeared on the carrier approximately 10 days 
out of the 31. Data received indicated that the x-ray experiment had failed. 
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SCIENTIFIC EXPLORATION OF SPACE * 
by 
Dr. Harry J. Goett 
Director, Goddard Sbace Flight Center 

I have found it a very rewarding experience 
to prepare this talk that I am to give tonight 
for two reasons. In  the first place, the task of 
putting it together required some standing back 
from the day-to-day activities of a busy pro- 
gram in order to do some “stock-taking” on its 
accomplishments during the past several years. 
This is a good thing to do occasionally, and I 
hope you are ‘as impressed with the results as 
I am. 

Secondly, my story tonight is a relatively un- 
told one. With the notdble and satisfying 
exception of the recent flight of John Glenn, the 
main story of space projects to date seems to 
have been the advance preparation for the 
launch and the launch itself. After the head- 
line “Satellite in Orbit,” the s to ry  seems to end. 
Actually, the project has just reached the 
threshold of its useful life. To end the story 
here is equivalent to ending the biography of a 
great man on the day of his graduation from 
school. 

It is appropriate that the part of the story I 
am to tell should start with Vanguard I (Fig- 
ure 1) .  

I am sure that all of you are familiar with its 
pre-launch trials and tribulations, and probably 
contributed your share of “body English” to 
get it in orbit. But how many realize that this 
satellite not only is still up there but that it is 
also still supplying useful scientific data, almost 
four years after it was launched1 A tiny radio 
transmitter, powered by six solar cells which 

*Presented before the Franklin Institute, Philadel- 
phia, Pennsylvania, March 8,1962. 

still put out about l/lo of a milliwatt when in 
sunlight, is operating and enabling us to con- 
tinue to track Vanguard I accurately. (Since 
Vanguard I went into orjbit it has traveled more 
than 541,600,000 miles.) 

We have observed Vanguard I for nearly 
four years. In  Figure 2 you see our observa- 
tions in terms of perigee height versus time. 
This may appear to be just the normal scatter 
in data around a mean curve due to lack of 
accuracy in the measurements. However, by 
detailed analysis these variations in the orbit 
have been correlated with various physical 
causes-radiation pressure of the sun, the shape 
of the earth, and fluctuations in density of the 
upper atmosphere-to name the three main per- 

FranaE l.-Va.nguard I. 
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FIGTJRE 2.-Vanguard orbit variation. 

turbations. The major long-term variation is 
due to the sun’s radiation pressure. It also may 
be of interest to look at the details of the varia- 
tion which led us to conclude that the earth is 
pear-shaped. 

From the data in Figure 2, we have extracted 
a periodic orbital variation shown in Figure 3. 

DAYS AFTER LAUNCH (day 0, March 17,1958) 

FIGURE 3.-Third harmonic variation of Vanguard I. 

It can be shown that this variation is due to a 
third harmonic in the earth gravitational pull 
which can be accounted for by a distortion of 
the earth such as shown in Figure 4. (Note the 
deviations from the sphere at certain points.) 
There is also a second harmonic in the data 

50 ft 

4 
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ELLIPSOID PEAR SHAPE 

2nd HARMONIC 3rd HARMONIC 
FIGURE C.-Harmonics of the earth. 

which gives an accurate measure of the flatten- 
ing or oblateness of the earth, shown in this 
figure. 

You may ask why much importance is at- 
tached to a 50-foot variation in a radius of 4000 
miles or to the precise measure of the oblateness. 
It is of considerable interest to geologists and 
geodesists studying the earth’s formation. For 
instance, from these shape variations we can 
deduce certain characteristics of the earth’s 
mantle, including its bending strength and re- 
sistance to known distorting forces. One in- 
teresting inference has been drawn that this 
shape was set. some 50 million years ago when 
the day was 23 hours 30 minutes in length. 

Echo I (Figure 5) has given useful informa- 
tion of the same type. This satellite was 
launched in order to conduct communications 

FIGUEEI 5.-E~ho I. 

experiments ; radio transmissions were bounced 
off it and spanned the country and ocean. How- 
ever, the very large size of the inflated Echo I 
balloon, in proportion to its weight, enabled it 
to serve another useful purpose. It proved 
most responsive to small changes in resistance in 
orbit. Its orbital variations have therefore 
served as a very sensitive measure of the density 
variations it encounters. A most interesting 
example of this is illustrated in Figure 6. 
Shown in this figure are the orbital period vari- 
ations versus time. You will note at  one point 
a marked change in the period, which implies a 
change in resistance. This change occurred at 
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FIQURE 6.-Variati~m period of Echo I. 

the same time that a Class 3 solar flare was 
oibserved from the earth. I t  was possible to 
deduce that this flare, in a manner I will de- 
scribe in more detail later, heated up the upper 
atmosphere and caused it to expand, and in- 
creased in density at the altitudes of the Echo I 
orbit. 

Extensive correlation with period variation 
of Echo I and other satellites has led to the 
conclusion of a marked coupling ‘&tween the 
11-year solar sunspot cycle and the temperature 
of the upper atmosphere. Figure 7 shows the 
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correlation over the past four years during 
which there have been satellites in orbit. A n  
extrapolation into the future is also shown. 
Needless to say, this anticipated correlation will 
be watched for years to come. 

Thus far, I have been talking about the “first 
generation” of satellites. They are character- 
ized by an absolute minimum of instrumenta- 
tion. Their scientific value has primarily been 
derived by observing their orrbital variations 
from the ground. I would like now to shift to 
the “direct measurement” satellites, which carry 
instruments on board to sample and measure the 
characteristics of the environment in which 
they find themselves. Explorer I was of this 
type, and the Geiger tube it carried gave first 
direct evidence of the Van Allen belts. Later 
satellites carried instruments of considerably 
increased complexity. 

Contemplate for a second the problem this 
poses. I n  many cases these instruments are of 
the type which heretofore have only been used 
to conduct precise experiments in an air condi- 
tioned lab, isolated from shocks of passing 
trucks and trains, and with an experienced ex- 
perimenter constantly adjusting and making his 
own readings. Now we must take these instru- 
ments and operate them ,at great distances, 
under &e most exacting conditions, in extreme 
environments. Further, the phenomenon being 
observed cannot be turned on or off, as can be 
done in the ldb to observe the effect. Before 
these instruments go into orbit they will be 
placed on top of a rocket and exposed to shock 
and vibration conditions much worse than 
rolling them down the stairs! 

Let’s take a look at what we want to o’bseme 
from these direct measurements satellites. The 
main objectives of our scientific exploration of 
space are: 

Sun-earth relationships 
Origin and evolution of the solar system, 

planets, and moon 
Structure of stars and galaxies 

The objective “Sun-earth relationships” is the 
one which concerns most of the satellites that 
have been launched to date-and it is my pd-  
mary topic for the rest of this talk. The sec- 
ond item-‘‘Origin and evolution of the solar 
system, planets, and moon”-has not yet realIy 
started; we are still struggling with the tech- 
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FIGURE 8.-Sun and earth phenomena. 

nological problems involved. We have 
scratched the surface of the satellite observa- 
tions pertinent to structure of stars and galax- 
ies with some intriguing results, but time will 
not permit me to touch on these tonight. 

The area of sun-earth relationships promises 
to be one of the most exciting and fruitful 
areas of research. The results previously 
quoted from Vanguard and Echo hint at the in- 
terrelation that exists between the sun and what 
goes on in the earth’s upper atmosphere. Fig- 
ure 8 indicates the phenomena of interest ; these 
can conveniently be divided into three general 
areas. 

The first concerns the sun itself. On the sun 
we will find the causes of the other phenomena 
of interest-yet, up to the advent of the satel- 
lite it has been necessary to study these causes 
as if through a translucent blindfold, because 
the earth’s atmosphere cuts out. a high percent- 

age of the sun’s radiation which tells us what 
is going on up there. Thus, one objective of 
our sun-earth study is to observe details of 
sunspots and solar flares from above the earth’s 
atmosphere. The Orbiting Solar Observatory 
(OSO) has this as its objective. I will dis- 
cuss more of this shortly. 

The second region of interest is referred to 
as interplanetary space. It is to be distin- 
guished from the near-earth region in that the 
phenomena in the interplanetary region are 
dominated by the sun, and relatively uninflu- 
enced by the earth. I n  this interplanetary re- 
gion it will be possible to observe solar electro- 
magnetic radiations and particle emissions, 
essentially uninfluenced by the earth’s magnetic 
field. 

The third region is the near-earth region, 
called the magnetosphere. This is a region in 
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which, as Figure 8 attempts to portray, the 
magnetic field of the earth exerts a major in- 
fl8uenm. The magnetic field lines of the earth 
interact with the electromagnetic radiations 
from the sun and divert the flow of energetic 
particles from the sun. Fortunately, this mag- 
netosphere acts as a protective shield and pre- 
vents a major portion of these radiations from 
impinging on the earth. At the equator, this 
magnetosphere or shield extends up some 6 
earth radii-24,000 miles ; at the magnetic poles 
the shield is much thinner, and solar effects as 
the aurora occur at much lower altitudes. 

I f  I were to tell this story by proceeding from 
that which we know most about to that which 
wu know least, it would go from this near- 
earth region to interplanetary space, to the 
sun-since our knowledge varies in direct rela- 
tion to the accessibility of these regions. On 
the other hand, the story makes better sense by 
going from cause to effect, that is, to start with 
the sun. 

The satellite from which we will study the 
sun is the OSO. It stands poised on the launch 
pad at Gape Canaveral now (or was just 
launched several hours ago), so obviously I 
have no results to report. This satellite will 
be placed in a near-circular orbit about 300 
nautical miles above the earth. Figure 9 shows 
the manner in which it will operate. It is prob- 
ably the most complicated scientific satellite we 
have launched to date. One of its prime fea- 

FIGURE 9.-Orbiting Solar Observatorg. 
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tures is its ability to keep itself pointed at 
the sun rather than to maintain a fixed orienta- 
tion in space, by spin stabilization, as most of 
our other satellites have done. The spacecraft 
is a gyroscope; there is the wheel of the gyro- 
scope, which will be kept spinning at about 30 
rpm, and the fixed or shaft portion. This fixed 
portion will be pointed at the sun ; this is done 
through the small jets which precess the gyro- 
scope in accordance with mounted sun-sensing 
instruments. Thus, the sun either remains in 
constant observation by the instruments 
mounted in the fixed position or is scanned by 
instruments looking out from the wheel. 

The radiation spectrum over which we will 
look at the sun is shown in Figure 10. First, 

FIGURE 10.-Spectra of radiations with ranges caveired 
by various O S 0  I experiments. 

I call your attention to the fact that from the 
earth we primarily observe the sun in this re- 
latively narrow visible light band. There, of 
course, have been observations in this radio 
frequency range by radio telescopes. OS0 is 
specially suited to the frequencies shown in 
Figure 10 and carries some thirteen different 
instruments. Each will observe its selected 
radiation band. Let’s hope it works! 

The next region of study is one from which 
we have some results. As Figure 11 shows, 
three satellites have been launched into this in- 
terplanetary area. Their trajectories are sche- 
matically indicated. You recall Pioneer V, 
which continued transmitting until it was about 
20,000,000 miles from the earth. Explorer X 
went out some 40,000 miles, and Explorer XI1 
had an apogee of some 50,000 miles. 
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FIGURE 11.-Satellite trajectories for interplanetaq 
studies. 

Figure 12 shows the spacecraft themselves. 
The primary purpose of Explorer X was the 
measurement of the magnetic field. Since it 

was expected that this field might range down 
as low as 1 gamma, l/so,ooo of the value in this 
room, it required a very sensitive magnetometer 
which was mounted on this nonmagnetic plastic 
boom-away from the magnetic materials in 
the main structure. Explorer XI1 had an ar- 
ray of instruments for sensing various types 
and energy ranges of particles. I believe it 
would be interesting to digress a bit, to describe 
some of the instrument techniques for doing 
this. 

The Geiger counter is the simplest instru- 
ment for detecting the presence of energetic 
particles. You will recall that it does this by 
counting the electrical pulses caused when a 
particle penetrates the case and causes a change 
in the conductivity of the enclosed gas. It 
counts all particles above a given threshold level 

FIGWEE 12.-Satellil~ used in interplanetary studies. 
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s 24 Mev S68,Mev 

FIQURE 13.-Explwer XI1 Geiger counter telescope. 
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FIGURE 14.-Proton analyzer schematic. 
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depending on the thickness of the case and sur- 
rounding shielding; it does not distinguish be- 
tween particles or energy levels. 

The Geiger counter telescope shown in Figure 
13 is a rehement of this instrument. On the 
single counter it will count all particles with 
sufficient energy to penetrate either of the sensi- 
tized chambers. On the coincidence counter it 
just records pulses that occur within 2 milli- 
seconds of each other. Thus it counts only 
those particles with sufficient energy to pass 
through one sensitized chamber and impinge on 
the second. By having heavy surrounding 
shielding, the instrument also has a directional 
characteristic; so, if it is known in which direc- 
tion it is pointed, the direction of the incident 
particle can be identified. 

Another instrument, specially designed for 
detection of low-energy protons, is shown in 
Figure 14. This instrument is basically a 
curved-plate electrostatic analyzer with an 
electrometer output. Particles are admitted 
through a slit in the surface of the vehicle, and 
they are energy-selected by the voltage across 
the curved plates. The electrometer output as 
a function of plate voltage therefore gives the 
particle flux as a function of energy. It takes 
155 seconds to cover the energy range, and the 
instrument is sampled by the telemetry every 
3/10 second, which gives 470 samples. 

Just to give you a feel for the size of such an 
instrument, it is shown in Figure 15, which is 
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FIGURE 15.-Low-energy proton analyzer. 
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FIGURE 16.-Energetic particle spectra and responses 
of detectors on Explorer XII. 

complete except for power supply. It weighs 
0.9 lb, and requires 145 milliwatts of power. 

I have only shown these two instruments to 
illustrate the principle involved. There are a 
number of other ways of distinguishing between 
energy levels of particles. Explorer XII, 
called the “Energetic Particles Satellite,” was 
most completely equipped in this regard. It 
carried some ten instruments, each for a limited 
energy range as illustrated by Figure 16. As 
shown, each instrument was sensitive over a 
selected energy range. Furthermore, its asso- 
ciated counting equipment was adjusted to an 
anticipated counting range, dependent on the 
number of particles expected. This is im- 
portant. As you know, there is no experi- 
menter close by who can do some adjusting. 
The range of the instrument must be set cor- 
rectly at the outset. A n  instrument which is 
saturated, or which is too insensitive, is not of 
much use. When anybody asks me whether 
man will be useful in space, my reaction is that 
he would have been very handy on board some 
of the vehicles we have already launched to do 
exactly what he does on the ground-that is, 
make adjustments, and do maintenance. We 
are looking around for a small, light-md ex- 
pendable !-man for just this purpose. 
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FIGURE 17.-Rubidium-vapor magnetometer. 

One other instrument that dwerves descrip- 
tion is the rubidium magnetometer. As men- 
tioned before, the magnetic field in space has a 
very low value, so a highly sensitive instrument 
had to be devised to measure it. Rubidium 
magnetometers were specially developed for 
this purpose (Figure 17). The magnetometer 
involves a rubidium light source, an absorption 
cell with a tenuous vapor of rubidium gas, a 
photocell for detecting rubidium light, and elec- 
tronics for amplifying and feeding back the 
electrical signal produced by the light. Meas- 
urement of the magnetic field comes from the 
fact that the light is frequency-modulated by 
the absorbing rubidium vapor. This periodic 
absorption of light occurs at  a rate which de- 
pends only on the strength of the magnetic field. 
The constant relating frequency to field strength 
is 700 kilocycles per gauss. Thus, in this room, 
the “rubidium oscillator” would run at about 
400 kilocycles and, in a gamma interplanetary 
field, at about 7 cycles per second. 

Now let us take a look at some of the results 
these instruments have brought back from space. 
Figure 18 shows a piece of the record obtained 
by a magnetometer on Explorer X. This piece 
starts at a point 10.5 radii out and extends 
through the following 3 days of the trajectory 
out to 38.5 earth radii. 

Before examining the data I would like to 
emphasize a point mentioned previously. 
Noted on the bottom of Figure 18 are the world- 
wide stations located at Johannesburg, South 
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FIGURE 18.-Magnetmeter results. 
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FIGURE 19.-Solar magnetic field: (a)  if solar wind did not exist; (b) with moderate solar wind; and ( e )  
with strong solar wind. 

Africa ; Goldstone, California; and Woomera, 
Australia, which recorded each particular seg- 
ment of data. You may wonder why I belabor 
this point. It is because to me it represents one 
of the more mundane but important problems 
of the space age, that is, how to get instruments 
in as many places tuned and adjusted so that 
they will give data that dovetail as nicely as this 
set does. This operation must be correlated 
within milliseconds, and competently operated 
by an operational crew who cannot possibly be 
as familiar with the niceties of the results as is 
the man who conceived the experiment-who 
incidentally will, in due course, very critically 
examine the data. It isn’t easy, and we don’t 
always succeed as well as the results imply. 

Now to examine the data itself. Note the 
drop as the spacecraft gets farther and farther 
from the magnetosphere. It reaches a general 
level of 20 gammas; this level is considerably 
higher than that anticipated for the quiescent 
state in interplanetary space. It also is quite 
variable in magnitude, as shown on this record, 

and in direction, as shown on other records not 
reproduced in Figure 18. Both these condi- 
tions fit a “solar wind hypothesis” advocated by 
some theoreticians who postulate conditions 
such as are shown in Figure 19. They postu- 
late that during quiet periods the sun’s magnetic 
field is like this, in which case the field strength 
in the location of Explorer XI1 would have 
been in the range of 1 to 5 gammas. However, 
there are intervals of a “solar breeze” or 
“wind” shown on the bottom two conditions. 
In  these latter two cases, the magnetic lines are 
stretched out from the sun. The higher level 
measured by Explorer X and the somewhat 
variable conditions tend to support this 
hypothesis. 

Returning to Figure 18, I would like to call 
your attention to this aspect of the data : Visual 
observations from the ground indicated that a 
Class 3 solar flare had occurred. We were 
most fortunate to have Explorer X outside the 
magnetosphere at this time. It enabled us to 
record some unique data on the magnetic field 
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and plasma flux associated with this flare. The 
circle shows the effect. Twenty-eight hours 
after the flare Explorer X noted this marked 
change in the magnetic field. 

This particular section of the Figure 18 data 
is reproduced in Figure 20. On the upper curve 
is again shown the magnetic field. You can see 
the general level that the magnetometer was 
recording prior to the geomagnetic storm- 
then the marked change. Down below are the 
results from the plasma probe instrument 
which recorded the particle concentration. As 
you can see, at the same time as the magnetic 
field jumped, there was a marked increase in the 
density of plasma flow, showing the close re- 
lationship between these two phenomena. 
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28 
20  

TOTAL FIELD 12 

1 *]800 volt channel 

2 
0 r-1250 volt channel 

14 15 16 17 18 lhQUrSl 
GMT. MARCH 27,1961 

FIGURE 20.-Magnetic field and plasma flm, 
Explorer X. 

Now obviously I have only been able to pre- 
sent a glimpse of the data acquired. When the 
pieces are put together from Pioneer V, Ex- 
plorer X, and Explorer XII, the tentative pic- 
ture begins to emerge. I must hedge my sub- 
sequent remarks by saying that this picture is 
very tentative and it will need much more data 
before it becomes completely clear. There still 
remain alternative hypotheses. As a matter of 
fact this states the case rather mildly. When I 
tried to sit down with the members of the staff 
at Goddard who specialize in this area, it 
seemed as though I had incited a minor riot. 
However, with this reservation, here is Figure 
21. 

As the picture indica&, when a solar event- 
which is an eruption on the surface of the sun- 
occurs, it sends out a huge tongue of magnetic 
field lines. According to one hypothesis these 
lines form in effect a magnetic bottle. Cosmic 
rays from outer space are excluded by this bot- 

FIGURE 21.-Plasma tongue from solar flare. 

tle and bounced off it-and the plasma which 
erupts from the sun is confined within the bot- 
tle. The plasma, which is basically a gas cloud 
composed of low-energy charged particles, in 
effect creates a magnetic field which moves along 
with it. Higher energy particles spiral around 
and are carried along by these magnetic field 
lines. It still remains unclear and subject to 
debate as to whether the particles start out with 
high energies or acquire much of this energy 
by being accelerated to high velocities when 
they are pushed along by the magnetic field. 
In  any event by the time these particles-elec- 
trons, protons, and neutrons-reached Pioneer 
V, Explorer X, and Explorer XI1 there was a 
spectrum of energy all the way from relativis- 
tic-that is, traveling with the speed of l i g h t  
on down. 

As Figure 22 shows, the solar tongue con- 
tinues to expand, eventually enveloping the 
magnetosphere. It distorts the magnetosphere 

FIGURE 22.-EXongated tongue from solar flare. 
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as shown here-compressing it at one point, 
stretching it out into teardrop shape on the op- 
posite side. The particles are deflected by the 
magnetosphere, and few reach the earth except 
at the polar cap. Whether these particles then 
become the primary source of the prticle popu- 
lation of the radiation belt is another subject on 
which there are widely diverse views. 

Needless to say, these solar eruptions are of 
major concern to the people planning manned 
space flight missions, and measurements such 
as I have been describing are being used to de- 
sign the protection which & man will need from 
exposure to these particles. It would appear 
that at least for a lunar trip a man can be ade- 
quately protected from all but the most extreme 
events. One objective of our solar studies is 
to devise a way of predicting when a major 
event will occur. I f  this succeeds, manned 
space shots will be timed to avoid these events, 
just as a ship avoids a hurricane area at sea. 

Next let us turn attention to the near-earth 
region, to see what goes on inside the magneto- 
sphere. As Figure 23 shows, a number of near- 

- P-21 EXPLORER Vlli --, 

-EXPLORER VI 
EXPLORER X 

FIGURE 23.-Magnetosphere satellites. 

earth satellites have explored this region. 
They include Explorer VI, VIII, X, P-21, and 
Vanguard 111. Instrumentation on them was 
generally similar to that which I have already 
described, with some special types used on Ex- 
plorer VI11 and P-21, which were directed at 
measurements in the ionosphere. Figure 24 
shows the picture that ca.n be pieced together. 

I n  this instance, the magnetic field that con- 
trols the distribution of the particles is that 
of the earth ; it is relatively constant and quan- 

FIGURE %.-Magnetosphere and belts. 

titatively understood so that the path of the 
captured particles is thus reasonably predic- 
table. They ride along these magnetic lines, 
converge at the magnetic poles, reverse, and 
wander back to the opposite pole. They come 
down closest to the earth at these poles, and 
some investigators think they have an impor- 
tant heating effect on the upper atmosphere, 
which in turn has a potential influence on the 
weather. One can stir up a good argument in 
scientific circles with this last remark, because 
as yet it is highly speculative. However, the 
possibilities are very interesting. 

One can also stir up an argument over the 
source of these particles. One school of thought 
thinks they are injected into the magnetosphere 
by the solar flare mechanism I have just de- 
scribed. Others claim an important source is 
from neutron decay in the upper atmosphere; 
cosmic rays from outer space or high energy 
particles impinge in the upper atmosphere, and 
produce charged electrons and protwns, which 
then are captured by the magnetic lines in the 
belt. 

Satellites since Explorer I, from which Van 
Allen first identified the belts, have given a 
more and more detailed picture of the par- 
ticle population of this belt region. We know 
the particle population fluctuates, and this fluc- 
tuation bears some relation to variable solar 
oonditions. It may be necessary to go through 
an 11-year solar cycle once or twice before these 
fluctuations are completely understood. Fig- 
ure 25 shows an average picture obtained from 
results to date. It can be considered one huge 
belt with the characteristics of its population 
varying from the inner to the outer edge. 
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FIGURE 2Ei.-Compo8ition of radiation belt. 

Information such as shown in Figure 25 will 
be of considerable importance in planning fu- 
ture communications and weather satellites. 
These energetic particles not only have a deteri- 
orating effect on a man but they also cut down 
the lifetime of solar cells, transistors, and other 
electronic components. Thus, in planning ap- 
plication satellites in which long lifetime is of 
primary importance, it will be desired to put 
these satellites into orbits where they are least 
affected by these particles. 

There is still another region of the magneto- 
sphere that has been looked at in considerable 
detail. Figure 26 shows P-21 and Explorer 
VIII, which were launched into the ionosphere 
to determine its characteristics. The iono- 
sphere, as you know, is a region extending 
roughly from some 40 miles to several thousand 
miles above the earth. There is special interest 
in it because of its effect on radio transmission. 

P-21 
I 

FIGURE 26.-Explorer VI11 and P-21. 
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FIGURE 27.-Daytime ionosphere electron density 
profile. 

It is this variable ionized region off which 
radio waves are bounced to obtain long-distance 
transmissions. 

One set of results obtained from these proj- 
ects is shown in Figure 27. Shown in Fig- 
ure 27 is the electron density variation with alti- 
tude. The point of maximum density is the 
feature which influences the long-distance prop- 
agation of radio waves. Such detailed knowl- 
edge determines the choice of radio frequencies 
which will be best reflected at any given time. 
There are some 150 ground stations which can 
now observe this lower profile. The satellite 
and sounding rocket information was useful in 
calibrating these stations in the past and has, 
in addition, given new informahon on the upper 
profile. There is a potential future applica- 
tion use of satellites for this type of measure- 
ment; a satellite could cover many areas on the 
earth not within range of the ground stations. 

These high-altitude probes and satellites paid 
a special dividend in telling us something about 
the composition of the upper atmosphere. 
Figure 28 shows on the solid line the measured 
electron density distribution with altitude; 
what had been expected is shown by the dotted 
line. This was based on the general View that 
at these upper altitudes the main constituent 
was atomic hydrogen. This deviation is ex- 
plainable by the existence of a helium layer at 
these altitudes. This has resulted in a revised 
view of the composition of the upper atmos- 
phere (Figure 29). As it is now seen, there 
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FIGURE 28.-Upper altitude electron distribution. 
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FIGUW 29.-Ahospheric composition. 

is a layer of ionized helium at altitudes shown 
in Figure 29, and hydrogen does not dominate 
until much higher altitudes are reached. 

There is still another type of test I would like 
to discuss, primarily because it is a means by 
which we reach out and obtain a sample of the 
sun. This is done from our upper altitude 
sounding rocket, fired from Fort Ghurchill, 
Canada. Figure 30 shows a rather spectacular 
view of a launch of a Spaerobee rocket up 
there. Fort Churchill is the launching site for 
these tests because it is far north where the 
magnetosphere is the thinnest; it is well situ- 
ated for the study of polar cap and auroral 
events by means of sounding rockets. It also 
is the best place to reach up through the mag- 
netosphere and sample what goes on outside this 
shield. Even since the advent of satellites, 
sounding rocket t&s of this type have been 
most useful, because it is fairly easy to recover 

182 

the payload after it has been up and thus m v e r  
the sample for detailed examination. 

One method of doing this is the nuclear emul- 
sion technique. All of you who recall the story 
of the discovery of radium by the Curies are 
familiar with this technique. You recall how 
a photographic plate revealed the emission from 
a piece of radium. Nuclear emulsions are just 
blocks of the same photo-sensitive emulsion used 
to coat photographic plates. These are sent up 
to altitudes of about 90 miles on rockets such 
as the one shown in Figure 30. Upon recovery, 
these emulsions are developed and then sec- 
tioned to see what has hit them. 

Samples of two plates are shown in Figure 31. 
The one on the left was launched during quiet 
conditions, and as you can see is relatively un- 
exposed. The one on the right was launched 
right into the middle of a major auroral dis- 
play, which coincided with a Class 3 solar flare. 
The tracks you see are tracks of impinging 
particles. The long one is the trace of a carbon 
atom, one of the heavier particles detected. 
The character of the impinging particle can be 

FIGURE 3O.-Fort Churchill launch. 
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( a )  Solar quiet. (b)  Solar event. 

FIQURE 31.-Solar comic ray emulsions. 

determined from detailed study of this track. 
By such a method the relative abundance of 
these particles can be determined. Figure 32 
shows the result. This depicts a statistical 
sample of particles which some 30 minutes be- 
fore had been on the sun ! I wish we could get 
samples of the Moon, Venus, and Mars as easily. 

The final chapter in my story is Tiros, the 
weather satellite. Perhaps it is not necessary 
to tell this chapter, because in contrast to other 
satellites I have discussed tonight, the story of 
Tiros is pretty well known. However, it is one 
of the highlights of our space accomplishments 
to date, so I would like to talk about it, even 
if briefly. 

Figure 33 shows the manner in which Tiros 
operates. It looks down on the earth from about 

PRIMARY NUCLEUS 

Frourn 32.--Charge distribution of heavy nuclei in a 

450 miles and can take individual pictures of 
about 800 miles square of the cloud cover. It 
also has infrared sensors from which it can 
measure the temperature distribution of the area 
below. These data are stored on tape recorders 
and transmitted to ground stations at San 
Nicolas Island, Calif., and Wallops Island, Va., 
when the satellite passes. Figure 34 shows the 
montage of pictures that can be put together 
from 96 pictures taken on three successive 
passes. I am told that pictures such as this 
have surprised even weathermen with respect 
to the extensiveness of a cyclonic weather 
pattern. 

miar cosrmic ray event. 
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FIGURE 34.-Tiros montage. 

FIGURE 35.---oVerlay d Figure 34 an a map. 

Figure 35 shows an overlay of this same pic- 
ture on a map, with the front lines and isobar 
lines superimposed on the picture. This cloud 
pattern as you can see extends f-rom the Aleu- 
tians to the Great Lakes, some 3000 miles 
(middle of the picture), and is 1500 miles 
across. The correspondence of this cloud pat- 
tern to the front lines is notable. 

Figure 36 shows a world cloud map made 
from one day of Tiros passes. On it you see 
the number of hurricane and typhoon disturb- 

ances picked up in a single day’s passes. This 
particular cloud analysis spotted Hurricane 
Esther before it was detected by any other 
means, and served to alert the hurricane patrol. 
We hope that, by close examination of the con- 
vective cells which grew into Hurricane Esther, 
more can be learned as to what conditions cause 
hurricanes. Cloud analyses such as this are dis- 
tributed over a worldwide weather bureau 
network and are already serving a useful opera- 
tional purpose. We are all looking forward to 

184 



A P P E N D I X  C 

FIGURE 36.-Global cloud analysis, September 11, 1961. 

the more complete cloud coverage which will be 
furnished when the Tiros successor, Nimbus, 
comes into general use. 

Figure 3'7 shows the temperature patterns 
determined from the Tiros infrared data. 
These are lines of constant temperature. It 
has been possible to deduce cloud patterns and 
probable front lines from such data, since the 
tops of the clouds tend to be cold and the un- 
clouded earth and ocean, warmer. Temperature 
variations in the atmosphere such as these are 
in some way related to the dynamics of the 
weather. It will be interesting in the years to 
come to see if this relation can be made suffi- 
ciently quantitative with the help of data such 
as this-and used in predicting the movement 
of main weather patterns. 

This is the end of my story. I would like 

FIGURE 37.-Frantal analysis derived from TirorJ I1 
scanning mdiometer data, Channel 2 ( & U p ) ,  Orbit 
0, Navember 23,lW. 

to say in concluding this review that it re- 
presents the work not only of many men but 
of many organizations. The characteristic of 
space science is such that it spreads across many 
disciplines and a very broad segment of the 
scientific fraternity is helping to unravel the 
meaning of the new scientific data being brought 
back from outer space. You must recognize the 
efforts of the orbital mechanicians ; physicists 
with various areas of specialization, astronom- 
ers, geologists, and geodesists in the analysis of 
the results I have desckibed. 

I believe that each one of these disciplines has 
a new frontier. New areas of research are being 
created by the data which rockets and satellites 
provided. We surely have just started to realize 
on their potentialities. But I think I had bet- 
ter end here. Discussion of these future plans 
would take another 45 minutes. 

185 



T H E  E A R L Y  Y E A R S  

FIQUEE 38.---Godda,rd missions. 
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Release by Senator J. Glenn Beall, Maryland, a t  Washington, D.C. office 
A u g u s t  1, 1958 

U.S. Senator Beall today announced tha t  the new "outer space agency" w i l l  
"The location a t  Greenbelt, establish i ts  laboratory and plant i n  Maryland. 

Md., i s  an ideal  location fo r  the new Government agency," Senator Beall 
said, "because of i ts  accessibi l i ty t o  the nation's capital  and i t s  proximity 
t o  numerous important highways and others t o  be built ." 

Senator Beall has been i n  consultation on the matter of location with 
of f ic ia l s  of the new agency t o  be known as  the National Aeronautical and 
Space Administration and expressed himself as  "greatly pleased with the 
decision" t o  locate i n  Maryland. The senator pointed out that  the space 
laboratory and plant a re  t o  be established on land already owned by the 
federal government, 
expense of land purchase.'' 

"thus saving the taxpayers what would have been added 

"The Greenbelt laboratory w i l l  employ 650 technicians, mostly electronic 
engineers and some chemists," Sen. Beall said, adding that ,  " a l l  research 
work i n  connection with outer space programs wi l l  be conducted a t  the Green- 
be l t  instal lat ion."  

Sen. Beall said further "Construction work on the new plant is  expected 
t o  get underway inmediately i n  view of the f ac t  tha t  legislat ion authorizing 
approprlations of $47,800,000 for the construction and ins ta l la t ion  of the 
space projects center (54208) was passed by the Senate on Friday and i s  ex- 
pected t o  c lear  the House on Monday." 
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copy 

Washington, I). C. 
NADONAL AEEONAUTICS AND SPACE AIMINISTRATION 

September 25, 1958 

NASA GENERAL D I f B 2 D V E  NO. 1 

Subject: Proclamation on organization of the National Aeronautics and 
Space Administration 

On this date I have issued the following Proclamation, to be published 
in the Federal Register: 

A P R O C L A M A T I O N  

"1. By virtue of the auttiority vested in me by the National Aero- 
nautics and Space Act of 199 (Public Law 85-568, approved July 29, 1958, 
72 Stat. 426, 433) I hereby proclaim that as of the close of business 
September 30, 1958, the National Aeronautics and Space Administration has 
been organized and is prepared to discharge the duties and exercise the 
powers conferred upon it by said law. 

"2. In accordance with the provisions of the Act, all functions, 
powers, duties, and obligations, and all real and personal property, 
personnel (other than members of the Committee), funds, and records of the 
National Advisory Committee for Aeronautics are hereby transferred to the 
National Aeronautics and Space Administration. 

"3. The existing National Advisory Committee fo r  Aeronautics Com- 
mittees on Aircraft, Missile and Spacecraft Aerodynamics; Aircraft, Mis- 
sile and Spacecraft Propulsion; Aircraft, Missile and Spacecraft Construc- 
tion; Aircraft Operating Problems; the Industry Consulting Committee; and 
the Special Committee on Space Technology and their subcommittees are hereby 
reconstituted advisory committees to the Administration through December 31, 
199, f o r  the purpose of bringing their current work to an orderly completion. 

"4. 
structions governing the activities of the National Advisory Committee for 
Aeronautics, not inconsistent with law, and which are applicable to the 
activities of the National Aeronautics and Space Administration, shall be 
continued in effect until superseded or revoked. 

Ekisting policies, regulations, authorities, and procedural in- 

"5. The Langley Aeronautical Laboratory, the Ames Aeronautical Labora- 
tory, and the Lewis Flight Propulsion laboratory are hereby renamed the 
Langley Research Center, the Ames Research Center, and the kwis Research 
Center, respectively. 

"DONE at the City of Washington, District of Colmbia this 25th day of 
September in the year Nineteen Hundred and Fifty-Eight ." 

/s/ T. Keith Glennan 



A P P E N D I X  D 

EXHIBIT 3 

copy 
FOR RELEASE AT 2:OO P.M., EDT October 1, 1958 

James C. Hagerty, Press Secretary t o  the  President 

THE WHITE HOUSE 

The President today signed an Executive Order transferring certain func- 
tions with respect t o  space ac t iv i t i e s  from the Department of Defense t o  
the new National Aeronautics and Space Administration which comes in to  ex- 
istence today under the National Aeronautics and Space Act of 1958 enacted 
by Congress last July. 

Under the Act, the National Aeronautics and Space Administration i s  t o  be 
responsible fo r  aeronautical and space ac t iv i t i e s  sponsored by the United 
States, except t ha t  ac t iv i t i e s  peculiar t o  or primarily associated with 
the development of weapons systems, mil i tary operations, or the defense of 
the United States shall be the responsibility of the Department of Defense. 
The determination.as t o  which agency has responsibility fo r  any such activ- 
i t y  is  t o  be made by the President with the advice of the National Aero- 
nautics and Space Council. 

The present Executive Order t ransfers  from Bfense t o  the National Aero- 
nautics and Space Administration responsibility f o r  non-military space 
projects such as lunar probes and sc ient i f ic  satellites which have been 
in i t ia ted  by the Advanced Research Projects Agency of the Department of 
Defense pending the establishment of the new c iv i l ian  agency. 
t ransfers  from Defense certain space-related projects of the Air Force, 
principally i n  the f i e l d  of "super-thrkst" propulsion systems which are 
primarily applicable t o  future space vehicles. The order also gives t o  
the National Aeronautics and Space Administration responsibility f o r  Pro- 
j e c t  VAN-D, the United States Scientif ic  Sa t e l l i t e  program which has 
heretofore been the responsibility of the Department of the Navy. 

The order t ransfers  from Defense t o  the NASA the amount of $117 million i n  
connection with the Advanced Research Projects Agency and Air Force projects 
being transferred. 
ferred for  these ac t iv i t ies  i n  the init ial  budget estimates fo r  the National 
Aeronautics and Space Administration submitted t o  Congress i n  August. 
part icular  projects t o  be transferred are t o  be identif ied i n  one or more 
supplementary Executive Orders. The transfers  of funds necessary i n  don- 
nection with Project Vanguard are t o  be determined by the Director of the 
Bureau of the Budget. 

Details regarding transfers of records, property, f ac i l i t i e s ,  and c iv i l ian  
personnel, i n  connection with all of the transfers  covered i n  the present 
Executive Order, are t o  be carried out as agreed uponbetween the National 
Aeronautics and Space Administration and the Department of Defense. 

It also 

This  is  the same as the amount anticipated t o  be trans- 

The 
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By vir tue  of the  authority vested i n  me by the National Aeronau- 
t i c s  and Space Act of 1 9 9  (public l a w  85-568; 72 Stat.  k 6 ) ,  and as Pres- 
ident of the United States, it is ordered as follows: 

Section 1. AU functions (including parers, duties, ac t iv i t i e s ,  
and par ts  of functions) of the  Department of Defense, or  of any off icer  o r  
organizational ent i ty  of the Department of Defense, with respect t o  the  fol-  
lowing are  hereby transferred t o  the National Aeronautics and Space Admin- 
is t ra t ion:  

( a )  The United States sc i en t i f i c  s a t e l l i t e  project (Project 
VANGUARD). 

(b) Specific projects of the Advanced Research Projects Agency 
and of the Department of the A i r  Force which relate t o  space ac t iv i t i e s  
(including lunar probes, s c i en t i f i c  sa t e l l i t e s ,  and super-thrust boosters) 
within the scope of the functions devolving upon the  National Aeronautics 
and Space Administration under the provisions of the  National Aeronautics 
and Space Act of 1 9 9 ,  and which sha l l  be more par t icular ly  described i n  
one or  more supplementary Executive orders hereafter issued. 

Section 2. ( a )  The Secretary of the Treasury sha l l  immediately 
t ransfer  t o  the appropriation of the  National Aeronautics and Space Admin- 
i s t r a t i o n  f o r  "Research and Development", from such appropriations of the 
Department of Defense as the Secretary of Defense sha l l  designate, the 
following amounts: 

(1) I n  connection with the t ransfer  of functions provided 
f o r  i n  section 1 (a )  hereof, such amounts as shall be determined 
by the Director of the Bureau of the Budget pursuant t o  section 
202(b) of the  Budget and Accounting Procedures Act of 1950 (31 
U.S.C. 9 1 c  (a) and section l(k) of Ekecutive Order No. 10530 
of May 11, 1954. 

Advanced Research Projects Agency provided f o r  i n  section l (b )  
hereof, $59,200,000. 

(2)  I n  connection with the t ransfer  of functions of the  

(3) In  connection with the t ransfer  of functions of the  
Ikpartment of the Air Force provided f o r  i n  section l ( b )  hereof, 
$57,800,000. 

(b) I n  connection with the  t ransfer  of functions provided f o r  
i n  section 1, appropriate t ransfers  of records, property, f a c i l i t i e s ,  and 
c iv i l i an  personnel shal l  be carried out as may be agreed upon from time t o  
time by the National Aeronautics and Space Administration and the  Depart- 
ment of &feme. 

/s/ M G H T  D. ETSElNIWER 

THE WHITE HOUSE 

October 1, 1958 

# # i f # # #  
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NATIONAL AE8ONAUTICS AND SPACE ACMINISTRATION 

Washington 25, D. C. 

For immediate release 
Tuesday, October 1, 1958 

FACT SKEET ON !l!HE TRANSFER OF CWTAIN FUNCTIONS FROM DEPARTMENT 
OF DEE'EXSE To THE NATIONAL AER0"ITCS AND SPACE AIMINISTRATION 

The National Aeronautics and Space Administration (NASA) was estab- 

lished by Public Law 85-568 on July 29, 1958. 

T. Keith Glennan, Administrator of NASA and president-on-leave from Case 

Institute of Technology, issued a proclamation on September 25, 1958, which 

stated in part. 

Space Administration has been organized and is prepared to discharge the 

duties and exercise the powers conferred upon it..." 

In accordance with the Act, 

"I hereby proclaim that the National Aeronautics and 

Prior to the enactment of this legislation, the President wrote to the 

Secretary of Defense and the Chairman of the National Advisory Committee for 

Aeronautics concerning his special message to the Congress on April 2, 1958 

which recommended establishment of NASA. 

In his memorandum, the President said: "The Department of Defense and 

the National Advisory Committee for Aeronautics should jointly review the 

pertinent programs currently underway within or plannedby the Department, 

including those authorized by me on March 27, 1958, and should recommend 

to me as soon as possible which of these programs should be placed under 

the direction of the new (space) Agency. It should be noted that Public 

Iaw 85-325 authorized the Department of Defense for a period of one year; 

period will come to a close February 12, 1959. Since the new agency will 

absorb the going organization of the National Advisory C d t t e e  
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f o r  Aeronautics, it should be capable of assuming the appropriate programs 

prior  t o  the date." 

The executive order of the President, which transfers  certain func- 

t ions from thelkpartment of Defense t o  the NASA, i s  a result  of the above 

stated review. 

In  accordance with the executive order, the following projects a re  

being transferred t o  the NASAby the Department of Defense. 

1. The United States Scientif ic  Sa t e l l i t e  Project (Project 

VANGUARD). The transfer  of t h i s  project w i l l  include approximately 150 

c iv i l ian  sc ient i f ic  personnel under the direction of Dr. John P. Hagen, 

Director, Project VANGUARD, Naval Research kboratory. 

2. Four Lunar Probes and the i r  instrumentation, and three 

satellite projects. 

vanced Research Projects Agency. 

the Air Force Bal l i s t ic  Missile Division and two t o  the Amy Bal l i s t ic  Mis- 

s i l e  Agency. %e three satellite projects are assigned t o  the Army Ballis-  

t i c  Missile Agency and c a l l  f o r  putting into orb i t  two inflatable spheres - 
one I 2  feet i n  diameter, and the other 100 f ee t  i n  diameter - and a cosmic 

ray satellite. 

These projects a re  being transferrea f romthe  Ad- 

Ipwo of the Lunar Probes are assigned t o  

The t o t a l  cost of these ARPA programs i s  approximately $35.5 million, 

most of which was funded i n  Fiscal  Year 58. The Fiscal  Year 59 funds, 

necessary t o  complete these programs, is  $9.6 million and w i l l  be made 

available t o  NASA. 

sc ien t i f ic  projects, will be transferred t o  NASA fram ARPA. 

Additionally, $49.6.miiiion original ly designated for  

2 
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3. A number of engine development research programs now being 

carried on i n  the  Ikpartment of the Air Force, w i l l  be transferred t o  NASA. 

These include basic research programs i n  such areas as nuclear rocket en- 

gines, fluorine engines, and the 1 million l b  thrust  single chamber engine 

study and development. As specified i n  the executive order, $57.8 million 

w i l l  be transferred from the Air Force t o  NASA for these programs. 

The Advanced Research Projects Agency w i l l  continue work i n  ac t iv i t i es  

peculiar to ,  or  primarily associated with, the development of weapons sys- 

tems for the defense of the United States,  including the research and de- 

velopment necessary t o  make effective projects for the defense of the  

United States. 

cobsiderable p r io r i ty  related t o  anti-missile defense and solid propellants, 

it is devoting major attention t o  contirruing military prajects,  which in-  

clude s a t e l l i t e  programs from warning, navigation, communications, meteor- 

ology, and other military exploratory space programs. Space components 

and ac t iv i t i es  necessary t o  these projects, such as the development of 

super thrust  boosters and high energy upper stages are  also being carried 

on by ARPA. 

ARPA and NASA. 

A t  the present time, while ARPA has underway projects of 

A program t o  put man into space i s  being pursued jo in t ly  by 

The ARPA military budget f o r  1959 i s  approximately $420 million. 

- end - 
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AXEX..- 

NATIONAL AWONAUTICS AND SPACE AIMINISWTION 
BELTSVIXE SPACE CENTER 

Washington 25, D. C. 

4102-AN: Ids 
1 5  January 1959 

GENERAL NOTICE NO. 1 

Subj: 

1. 
comprising the Beltsvi l le  Space Ceder  of the National Aeronautics and Space 
Administration. The o f f i c i a l  address is  as  follows: 

Designation as Beltsvi l le  Space Center 

By action of the Administrator, four divisions have been designated as 

National Aeronautics and Space Administration 
Beltsvi l le  Space Center 
4555 Overlook Avenue, S. W. 
Washibgton 25, D. C. 

Telephone: Johnson 2-6610 
Dial Code: 172 
Twx: WA 134 
Military Routing: RBEZRL 
Messenger Mail: Stop 10 

A l l  members of the Beltsvi l le  Space Center are requested t o  use the new 
address immediately, and t o  disseminate it as widely as is  necessary. The 
loca l  Post Office and telephone company are being notif ied of t h i s  action. 

2. New stationery has been ordered, and will be distributed as soon as it 
i s  received. 
above, and also will list the three sc ient i f ic  divisions and the telephone 
and TWX numbers. 
stationery u n t i l  the stock on hand i s  exhausted or  u n t i l  directed otherwise. 
Vanguard secretaries should type above the printed masthead the words BELTS- 
VILTJ3 SPACE CENTEE. 

3 .  
Vanguard w i l l  continue t o  occupy i ts  present spaces, but there may be some 
adjustments from t i m e  t o  t i m e ,  with a view toward achieving be t t e r  use of 
what space is  available. The Space Sciences Division will move in to  space 
being prepared f o r  it i n  Building 5-7 of the NGF annex, adjacent t o  NRL 
Building 71. 
months. 
quarters u n t i l  the Beltsvi l le  f a c i l i t i e s  are ready. 

4. 
ministrative support, generally speaking, from the central  administrative 

The stationery masthead w i l l  give the address as it appears 

The Vanguard Division may continue t o  use i t s  Vanguard 

The Space Sciences Division and Vanguard Division w i l l  be located at NRL. 

This move w i l l  probably take place within the next three 
The Theoretical Division w i l l  remain physically with NASA,Head- 

All divisions of the Beltsvi l le  Space Center w i l l  receive the i r  ad- 

1 
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group being established at EJRL under my direction. 
t o  t h i s  made necessary by the physical separation of uni t s  and individuals. 
For example, fo r  the inunediate future, payrolling, t ravel ,  and some supply 
support fo r  the Theoretical Division w i l l  be furnished by Headquarters. 

5. 
Center, but unfortunately there i s  not enough space t o  show a l l  of the 
l i s t i ngs  we requested. A l l  branch l i s t i ngs  could not be accommodated, so 
no branches w i l l  be l i s t ed .  
are believed t o  be subject t o  c a l l  frequently enough t o  be appropriate t o  
the NRL Code Directory. 
with t h i s  memorandum, a supplement t o  the NRL Code Directory. W e  shall 
publish a complete directory f o r  your use as soon as  we can. 

6. The telephone Johnson 2-6610 i s  answered at the NRL switchboard by NRL 
operators. 
identification, but you are requested NOT t o  use Johnson 3-6600 unless you 
are  unable t o  reach the board through Johnson 2-661~.  The change i n  trunk 
l i ne  number has absolutely no effect  on your extension number. 
ment interdepartmental d ia l  code remains the same as  for  MIL (172). There 
w i l l  be ins ta l led  i n  the near future a two-way t i e  l i ne  between the Head- 
quarters switchboard, and the NRL switchboard, which w i l l  permit t ransfer  of 
incoming.calls between the two boards. 
Johnson 2-6610 for  a person who i s  located at Headquarters can have h i s  c a l l  
transferred t o  the Headquarters board without having t o  place a new ca l l ,  
and vice versa. 

There w i l l  be exceptions 

The NRL Code Directory w i l l  show some l i s t i ngs  for  the Beltsvi l le  Space 

Service functions w i l l  be l i s t e d  since they 

However, we have duplicated, and are distr ibuting 

The separate number d i f fers  from NRL's only as  a matter of 

The govern- 

This means tha t  a party cal l ing 

7. Various notices and instructions w i l l  be published from t i m e  t o  time, 
t o  advise a l l  personnel of policies  and procedures governing the administra- 
t ion  of the Beltsvi l le  Space Center. 
established, many actions w i l l  be taken on an individual case basis .  This 
is  necessary i n  day-to-day operations; however, the f ac t  tha t  changes i n  or 
new procedures are established frequently should come as no surprise under 
the circumstances. 

8. 
but constructive suggestions and the pointing out of deficiencies are 
always welcome. 

Until policies  and precedents a re  

Aiformal beneficial suggestion program has not yet been established, 

/s/ T. E. Jenkins 
Administrative Officer 

Distribution: 
Construction Division 
Space Sciences Division 
Theoretical Division 
Vanguard Division 

2 
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COPY 

NATIONAL mONAUTICS AND SPACE AIMINISTRATION 
BELTSVILLE SPACE CEPilTR 

VAlvGupLRD DIVISION 

code - 
4100 Chief Vanguard Division Dr. J.P. Hagen 
4103 Asst h i e f  f o r  qperations CW L.I.  Baird 
4104 Management Coordinator Mr. H.E. Canney, Jr. 
4105 Science Liaison Coordinator M r .  R.W. Stroup 
4120 Vehicle Systems Branch M r .  D.G. Maeur 
4130 Space Tracking Systems Branch M r .  J.T. Mengel 
4140 Theory and Planning Staff  Dr. J . W .  Siry 
4160 Vanguard Operations Group 

Manager M r .  R.H. Gray 
4162 Administrative Assistant M r .  R.W. Batchelder 
4170 Payload Systems Branch M r .  N.W. Matthews 
4180 l s t a  Systems Branch Dr. J.P. Hagen 

SPACE SCIENCES DIVISION 

4200 
4203 
4210 
4220 
4230 
4240 
42 50 
4260 

Chief, Spaee Sciences Division 
Consultant 
Fields and Par t ic les  Branch 
Planetary Atmosphere Branch 
Astronolny Branch 
Solar Physics Branch 
Meteorology Branch 
Instruments Branch 

M r .  J .W.  Tomsgnd, Jr. 
M r .  J .C .  Seddon 
Dr. L.H. Meredith 
M r .  H.E. LaGow 
Dr. J.E. Kupperiah, Jr. 
Dr. J .C .  Lindsay 
M r .  J .W.  Townsend, Jr.* 
M r .  K.R. Medrow 

TfIMRECICAL DIVISIOW 

4300 Chief, Theoretical Division Dr. R. Jastrow 

CONSTRUCTION Dl?iISION 

Chief, Construction Division M r .  N.P. Miller 

ADMiXISTRATIVE OFFICE 

410OA lpAsA Administrative Officer M r .  T.E. Jenkins 
4100B Asst Administrative Officer M r .  A.P. kgy 
41looC Administrative Services Officer M r .  R.C. Cowan 
4100D Personnel Clerk M r s .  M.C. Dytrt 
41OOE Mail, Records & Ibcuments Clerk Mrs. P.M. Egan 
4100F Travel and Voucher Clerk Mrs. H.G. Jackson 
4100G Supply Clerk M r .  R.J. Fisher 

12 366 445 
2 254A 502 

42 319 2427 
30 322 2347 

AMR ULster 3-&!515 
AMR G t e r  3-261% 
60 406 384 
12 369 447 

Hq. T602 128-7815 
42 415 345 
42 314 594 
42 424 358 
30 222 893 
Hq. T605 128-7723 
Hq. 6 0 2  128-7815 
42 410 518 

Hq. ~ 6 1 1  128-7721 

12 364 2593 

12 364 2564 
12 374 2445 

12 367 798 

198 



A P P E N D I X  I) 

EXHIBIT 7 

l 2 Q P L  
NATIONAL AERONAUTICS AM) SPACE AIMIETIS!PRA!l'ION 

Washington, D. C. 

January 22, 1959 

RAM GENERAL NOTICE 

Subject: Establishment of Beltsville Space Center 

1. The NASA has recently established a new field office to be known 
as the "Beltsville Space Center." !Ibis Center W i l l  be operated under the 
direction of the Director of Space Flight Development - NASA Headquarters 
(Dr. Abe Silverstein). 

2. Pending completion of permanent facilities at Beltsville, Maryland, 
program activities of the &ace Center w i l l  be carried out at Washington, 
D. C. and at the langley and Lewis Research Centers. 

3. During this interim period, official communications with staff 
members attached to the Center shouldbe addressed as follows: 

Office 

a. Theoretical Division ) 

b. Space Sciences Division ) 

1 
1 

i 
c. Vanguard Division 

1 
1 
1 

d. XagLey Space Task 
G r o u p  

1 

Address 

Mational Aeronautics and Space 
Administration 
1520 H Street, 1. W. 
Washington 25, D. C. 
(Telephone: Executive 3-3260 - 
Twx: WA-755) 

National Aeronautics and Space 
Administration 
Beltsville Space Center 
4555 Overlook Avenue, S. W. 
Washington 25, D. C. 
(Telephone: Johnson 2-6610 - 
TWX: WA-134) 

National Aeronautics and Space 
Administration 
Langley Research Center 
Langley Field, Virginia 
(Telephone: PArk 3-3325 - 
Twx: HA-198) 

National Aeronautics and Space 
Administration 
Lewis Research Center 
21000 Brookpark Road 
Cleveland 35, Ohio 
(Telephone: WInton 1-6620 - 
'Iwx: cv-520) 

/s/ Albert P j  Siepert 
Director of Business Administration 
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NATIONAL AERONAUTICS AND SPACE AIMIKtSTRATION 

BELTSVILLE SPACE CENTER 
455 OVWLOOK AVENUE, S.W. 

WASHINGTON 25, D.C. 

SPACE SCIENCES DIVISION 
THEORETICAL DMSION 
VANGUARD DIVISION 

!FELEF"ONE; JOHNSON 2-6610 
Twx: WA 134 
4lOOA-19: TE3: vmb 
February 16, 1959 

MEMOFAI?ZUM FOR THE IZFCORD 

Subject: Organization and functions of the Beltsvil le  Space Center; 
report of observations and s ta t ing  of implications drawn 
during conference concerning,held i n  M r .  Wyatt's office, 
February 12, 1959 

1. Conference Participants: 

Robert Gilmth, Assistant Director and Director, Project Mercury 
John P. Hagen, Chief, Vanguard Division 
Robert Jastrow, Chief, Theoretical Division 
Thomas E. Jenkins, Administrative Officer 
John W. Townsend, Jr., Chief, Space Sciences Division 
Abe Silverstein,  Director, Space Flight Development 
&Marquis Wyatt, Assistant t o  Director of Space Flight Development 
Herbert S .  Fuhnnan, Administrative Assistant t o  Dr. Silverstein 
Al Hodgson, Director of Management 

2. Purpose of Meeting: 
the Bel t sv i l le  Space Center as it currently exists; the  functions t o  be 
performed by the Center i n  the National Space Program; the organization 
these functions will require fo r  successful program execution and; t o  
take a very rough cut at the overall s taff ing problem. 

3. 
synthesize the  guidelines which can be drawn from the discussion. 
Attached are organization charts which evolve from the current Space 
Center groups a t  scattered locations in to  an integrated organization 
a t  one central  physical location. 

4. 
space Center w i l l  probably perform f ive  major interrelated functions on 
behalf of NASA as follows: 

To survey the organization and functions of 

Based on t h i s  discussion, I am attempting i n  t h i s  memorandum t o  

Major functions of the Space Center. It was generally agreed tha t  the 

(1) Project Management. It i s  generally agreed tha t  Space Center 
technical s ta f f  w i l l  perform management functions i n  connection with NASA 
space projects, both of the contract and "in-house" variety (or more likely,,  
combination of the two). 
of science and space technology t o  a given objective such as Man-in-Space, 

A project i n  t h i s  sense i s  a complete application 
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Meteorological Sa te l l i t e ,  Lunar Probes, e t  cetera. In  many cases, the 
f e a s i b i l i t y  of projects w i l l  be studied by the Headquarters technical staff 
with the  input from the Space Center u n t i l  the gross outline of the job be- 
comes evident. 
w i l l  r e s t  primarily with the Space Center provided, of course, the systems 
responsibili ty f o r  the project i s  in-house. 
germinate ideas for projects and forward proposals t o  Headquarters f o r  
evaluation and authorization. Management of a project by the Space Center 
w i l l  be augmented by the Headquarters technical staff which will assign a 
senior project coordinator t o  expedite the work of the project and t o  help 
resolve management problems requiring Headquarters a t tent ion and support. 

Detailing of the plan of attack and execution of the project 

The Space Center w i l l  a lso 

(2) Research. The Space Center w i l l  perform research (a), as  required 
t o  meet the gaps i n  current knowledge t o  form a base f o r  future ideas and 
applications and (b) , research-in-space i n  a l l  the sc ien t i f i c  disciplines 
as  dictated by the expanding knowledge of space phenomena. 

(3) Development and Fabrication. The Space Center will design and 
develop, including prototype fabrication, components and systems which ad- 
vance the s t a t e  of the art of space technology and f o r  specific project 
application. This in-house development e f for t  i s  required t o  t rans la te  
the ideas of sc ien t i s t s  and engineers in to  hardware where the contracting 
process would prove infeasible.  For instance, the  development of payload 
systems of a highly experimental nature requiring many stages of develop- 
ment , each dependent upon advanced techniques which i n  themselves a re  
developed as the hardware takes shape, can best be done with in-house 
development and fabrication f a c i l i t i e s  available on the spot and under the 
detailed direction of the s ta f f  sc ien t i s t s  and engineers. 
and government experience shows tha t  t h i s  type of e f for t  is  very d i f f i c u l t  
t o  “farm out” on contract. 

(4) Advance Planning. 
s tafred OY leaders i n  t h e i r  respective f i e lds  who w i l l  germinate many 
of the ideas necessary t o  the future program of space science and ex- 
ploration. A s  the  practit ioners of the art, they w i l l ,  l i k e  many good 
contractors, develop as a fruitful source of ideas. In  fac t ,  the current 
National Space Program, as expressed i n  various NASA documents, is  i n  
large part a synthesis of ideas emanating from the  NASA staff. A l l  of 
the  ideas expressed i n  the space program are  not, of course, exclusive 
with NMA personnel, but the program does express t h e  broad cmpetence 
of the staff. It is expected, as is  currently the  case, that Space 
Center staff w i l l  continue to part ic ipate  i n  the formulation of the  
program and i n  t h i s  respect a c t  as a technical staff t o  Headquarters. 

The Space Center w i l l  be i n  charge of technical 
operations i n  the  f i e l d  i n  a l l  programs assigned t o  the  Space Center. 
These programs w i l l  include in-house s p c e  center projects plus pro- 
jec t s  carried mostly on contract from Headquarters but technically 
monitored by the  Space Center. 
launching s i t e s  w i l l ,  of course, be under the direction and control of 
project and functional heads within the Space Center. 
t ions  and tracking w i l l  a prime operational responsibili ty of the 

In both industry 

The Space Center is  and w i l l  continue t o  be 

(5) Operations. 

Space Center technical terms a t  t h e  

Space cornmica- 
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Center. 
metered scient i f ic .  

5. It was concluded that t o  sa t i s fy  the questions i n  the mind of the  
Administrator we should immediately come up with (a),  an interim plan 
of organization and operations t o  assure f u l l  effectiveness and integra- 
t i o n  in to  the program of the  group which now exist f o r  the Space Center 
and (b), a tentat ive ultimate plan of organization and fuuctions t o  
show w h a t  the  Space Center may look l i k e  three years from now. 

This Fanction includes data handling, both o rb i ta l  and te le -  

6. Functional versus Project Organization within the Space Center. 
These two f u u h e n t a l b a s e s  f o r  organization were discussed a t  some 
length i n  terms of what would be the best form of organization f o r  the 
Space Center. 

It was concluded that each of these bases of organization has merit and 
each has some drawbacks. 
examples of each can be cited. 

Both i n  industry and government, outstanding 

(1) Functional Organization. By this i s  meant organizing the Space 
Center in to  sub-elements ident i f ied with across-the-board sc ien t i f i c  or 
space technology disciplines. For instance, guidance and control, 
astronomy, d a t a  handling, sc ien t i f i c  instrumentation, and propulsion. 
In  an R&D ins t i tut ion,  t h i s  form of organization i s  necessary t o  advanc- 
ing the basic s t a t e  of various disciplines and a r t s ,  and functional 
applied areas. 
ested i n  evolving new knowledge and techniques without reference t o  a 
proconceived specific application, but with the  f u l l  knowledge that 
whatever gaps a re  covered w i l l  benefit  the program cross the board. 
This type of organization is  generally stable and develops special is ts  
who can be tapped as consultants by the applied projects. 
organized along t h i s  l ine, when s ta f fedby  competent people who a r e  
real ly  research people, creates the s tore  of knowledge which i s  absolutely 
required if p r o m  stagnation is  t o  be prevented. 

Specialists i n  a given area a re  grouped and are  in te r-  

Effort 

The disadvantage of t h i s  type of organization i s  tha t  unless it i s  
modified or subverted f o r  t h i s  purpose, it resu l t s  i n  diffuse project 
management when a major project i s  planed i n  the organization 

(2) Project Organization. A Project manager should have under 
h i s  control or as his  responsibili ty a l l  of the necessary resources 
prepared t o  f u l f i l l  the project ' s  mission. I n  a functional organiza- 
t ion  dependent, of course, on personalit ies and other factors, the  
project manager is handicapped from "managing" and "directing" and is  
apt  t o  become something of a coordinator-expediter. 
i s  charged with carrying out several major projects the competition 
among projects f o r  special is ts '  services, in-house cent- technical 
service s u p ~ ~ r t ,  and even use of cer ta in  contractors must be delineated 
by management by formal assignment and delegation. 
accomplish t h i s  is t o  assign resources including personnel t o  the  project 

If the ins t i tu t ion  

The easiest  way t o  
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under the direct  control of the project director. 
use central  services where they exist and it i s  feasible. 

The "project" should 

It i s  concluded from the  above that the Bel tsvi l le  organization 
should be based on functional lines with organizational f l e x i b i l i t y  
allowing the  Center t o  organize f o r  major or "macro" projects. 
or "micro" projects can and should be carried i n  the functional divisions. 

Small 

7. Program Requirements. The program currently assigned and contem- 
plated f o r  the  S p c e  Center has not yet been &tai led i n  ful l .  
the  major e f for t s  which a r e  l is tedbelow indicate a very large and 
active program which will require a great deal of contracting plus a 
heterogenous, competent, and sizeable S p c e  Center staff. Some of these 
assignments, active or t o  become act ive in- the next eighteen months, are: 

Hmever, 

(1) Science ~ r 0 g x - m ~  

155 sounding rockets of various types 
30 s a t e l l i t e s  
15  probes 

(2) Application Sa te l l i t es  

- Communications and Meteorological, 6 or 7 vehicles , - Geodetic - nuaber of s a t e l l i t e s  unknown a t  t h  s time, - Other Vanguard Division follow-on programs - tv ehicles and 
numbers as yet undetermined. 

(3) Project Mercury 

- Phase I - Phase I1 

(4) Vehicles and Engines 

Vega, Centaur, Thor-Vanguard (Thor-Delta), Juno V (1.5 meg bundle), 
Nova (1.6 meg engine known currently as 1.0 meg engine). 

( 5 )  Global Range and Operations 

- Space Communications and Tracking - Operational Telemetering - Ranges - Wallops, AMR, MR 

8. Members of Personnel Required. 
zation, i n  terms of personnel numbers, are  merely nuclei of the ultimate 
staffs needed t o  do the jobs t o  be done. 
planning f o r  the  next f i s c a l  year does not include adequate numbers f o r  
the S p c e  Center t o  carry out i t s  mission. 
managers, that i s  Division Heads ,  f e e l  that if adequate numbers of com- 
petent personnel can be brought on the  staff, t h i s  i s  more important than 

Currently, a l l  segments of the organi- 

There i s  the feeling that budget 

I n  general the program 

4 
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studying a t  t h i s  point how the  Space Center i s  t o  be organized. 
feel ing i s  not t o  be interpreted as a cry f o r  anarchy or lack of organi- 
zation, but as an expression that thinking about the space Center some- 
times seems t o  ignore the f a c t  that the S p c e  Center is  already very much 
a going concern. 
supplied i n  part by NRL, Langley, and Lewis tends t o  cloud thinking on 
Mediate future  requirements. 
exist should not deny the existence of the going major components of the 
organization. 
trouble i n  1960 unless the  complement figures, i n  particular,  a re  raised 
above levels  being c i t ed  currently. 

9. 
The S p c e  Center i s  not s ta r t ing  from scratch i n  organizing a technical 
competence. 
a nucleus capabili ty t o  perform work organized functionally or by project 
i n  the following areas: 

This 

Geographical dispersion and log is t i c  support currently 

The f a c t  that the  physical plant does not 

The general feel ing was expressedthat  we a r e  headed f o r  

Space Center functions i n  terms of existing nucleus capabili t ies.  

The f i v e  groups a t  the  Division leve l  now i n  operation have 

Space Sciences, 
Vehicle Systems, 
Theoretical Research and Support, 
I n s t m e n t a t i o n  Support 
Payload Systems, 
h t a  Handling and Techniques, 
Comnmications and Tracking, 
Operaixions. 

10. 

a r e  

My suggestions f o r  organization of the Space Center: 

(1) 
(2) 

(3) 

To fully integrate it i n t o  the National Space Program, 
To f u l l y  capture and u t i l i z e  the nuclei of existing capabili t ies,  
and 
To fulfill  the  potent ia l  which the senior personnel of the Center 
feel can be brought i n t o  being rea l i s t i ca l ly ,  

attached hereto with explanatory notes. 

/s/ T. E. JENKINS 
Administrative Officer 

5 
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NATIONAL AwoNAuTlCS AND SPACE AIMINIS!FRAlTON 

BELTSVILLE SPACE C m  

6 March 1959 

MEMOI3ANfW FOR ALL C 0 " H )  

FRCM : T. E. Jenkins, Administrative Officer 

SUBT : BSC Divisions' Authorized Personnel Complements, FY 1959; sununary 
of recent revisions 

1. 
division approved personnel complements (ceiling points 1: 

To sum ?IF the current s i tuat ion with respect t o  Bel t sv i l le  Space Center 

a. We requested a t o t a l  of 342 cei l ing poi t s  t o  cover the Vanguard 
Division, including k f o r  my Administrative staf c ; 

1 
b. Dr. Si lverstein approved an allocation qgainst the Vanguard money 

of 400 but t o  include 90 for  Space Sciences Diviqon. 
promised Mr. Townsend he could get an additional 10 from the 400 i f  he needs 
it by 30 June. 

Dr. Silverstein also 

Space Sciences Division then can go to a t o t a l  of 100; 

c. 
points. 

Dr. Jastrow requested rel ief  for  the Tnepretical Division of 10 
Abe approved 6 points for  Jastrow (plus 30 points carried against 

s&E f o r  a t o t a l  of 36); I 
d. I n  s m r y ,  the t o t a l  of 400 ceil ing points authorized against 

Vanguard funds reserved on Headquarters' books is  tentat ively alllocated as 
follows: 

Total authorized ........................................... 400 - 
Space Sciences Division (Townsend) ................. 100 
Theoretical Division (Jastrow). ..................... 6 
Vanguard Division (Hagen) ............... , .......... 252 
Beltsvi l le  Administrative Office (Jenkins) ......... 42 

/ 
Total.. ................................................ 400 

Vanguard Division, i n  a l l  likelihood, w i l l  require more than 252 points 2. 
prior  t o  30 June 1959. I n  the f inancial  summaq we presented t o  Dr. 
Silverstein there i s  money reserved t o  cover some additional points. 
fonecon with Dr. Silverstein I agreed it was too early t o  forecast how suc- 
cessful Vanguard recruiting efforts  w i l l  be, but a l l  indications are tha t  
they will be highly successful. 
ing factor .  
t&ng an approval by the  Director, Space Flight Development. 

3. Controls. 
control accessions within the above figures. 
Heads (Hagen, Jastrow, Townsend) a re  advised tha t  all  PAR Form 52s must be 
submitted t o  the Beltsvi l le  Personnel Office, Attention Code k1OOB ( A l  Naa) 
for  approval within authorized complement and money before commitments t o  
hire can be considered firm with the candidate. 
400 proves inadequate I w i l l  request additional authorizations from 
Dr. Siaverstein based on division just if icat ions.  

In  

Currently, physical work space is the l imit-  
Vanguard will not exceed t h i s  ceiling without specifically get- 

I am taking steps through the Beltsvi l le  personnel office t o  
By t h i s  memorandum Division 

I f  the t o t a l  cei l ing of 

f s f  T. E. JENKINS 
Administrative Office 

Distribution: 

Headquarters : 
A. Si lverstein 
A. Siepert 
D. Wyatt 
A. Hodgson 
R. Ulmer (3) 
R. hck len  (2) 
H. Fuhllnan 

Beltsville: 
J. Hagen 
J. Townsend 
R. Jastrow 
A. Nagy 
B. Sisco 
L. B 6 s t  
B. Cowan 
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NATIONAL AERONAUTICS AND SPACE ATMINISW!CION 

WASHINGTON 25, D.C. 
1520 H STREET NORTHWEST 

MEMOFKWJM from the Administrator 

Subject: Functions and Authority - Goddard Space Flight Center (GSi?C) 

1. Purpose of t h i s  Memorandum. 

a. To establish the Goddard Space Flight Center, 
Greenbelt, Maryland 

To provide a statement of functions and 
authority for  the Goddard Space Flight 
Center. 

b.  

2. Functions. The Goddard Space Flight Center i s  assigned the 
following functions: 

a. 

b.  

C. 

a. 

e. 

Conducting advanced planning and 
theoret ical  studies leading t o  the 
development of payloads f o r  scien- 
t i f i c  and manned space flights. 

Conducting necessary supporting 
research i n  sc ient i f ic  payloads, 
applications systems, instrumenta- 
tion, communications, guidance, 
and vehicles. 

Developing payloads fo r  approved 
sc ient i f ic  programs, applications 
programs, and manned space 
f l ights .  

Developing, subject t o  specific 
approval i n  each case, vehicles 
t o  launch payloads. 

Supervising Goddard Space Flight 
Center f l i gh t  operations, integrating 
the ac t iv i t i e s  of all participants as 
necessary to accomplish missions 
successfully. 

1 
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f .  Supervising tracking, data acquisition, 
communications and computing operations 
fo r  the provision of o rb i t a l  and reduced 
f l i gh t  data from satellites and space 
vehicles for  NASA space f l i gh t  programs 
assigned t o  or monitored by the Center 
and f o r  other space programs as requested 
by the Director of Space Flight Development. 

Interpreting results of f l i gh t  programs 
fo r  which the Goddard Space Flight 
Center is  responsible. 

g. 

h. Furnishing technical management of 
projects, including monitoring of 
contractors, t o  insure timely and 
economical accomplishment of objec- 
t ives.  

Ekercising such procurement and contract 
administration authority as may be dele- 
gated by the Director, Office of Business 
Administration. 

i. 

j .  Upon request by the Director of Space 
Flight Development, providing support 
fo r  space program ac t iv i t i e s  of other 
organizations, e.g., military establish- 
ments of Department of Defense. 

k. Reporting on the status of approved programs 
and recommending changes or modifications 
as necessary t o  meet program goals and 
schedules. 

1. Providing necessary administrative and 
management support as  required fo r  
carrying out assigned programs. 

3. 4. The Director, GSFC, reports 
direct ly t o  the  Director of Space Flight Development and i s  responsible for  
the exercise of the functions assigned t o  the Goddard Space Flight Center. 

4. Scope of Authority. me Director, GSFC, i s  authorized and directed 
t o  take such action as  i s  necessary t o  carry out the responsibilities as- 
signed t o  him within the limitations of t h i s  and other o f f i c i a l  NASA com- 
munications and issuances. 

2 
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5. Relationships with Other Officials. I n  performing the functions 
assigned t o  him, the Director, GSFC, i s  responsible f o r  recognizing the 
responsibili ty and authority of heads of divisions and offices,  Headquarters 
and f o r  assuring t h a t  actions he may take are  properly coordinated With 
Headquarters groups having jo in t  interests  and a re  i n  accordance with NASA 
policies.  

6. Approval of Organization. The basic organization of the  GSFC is  
outlined on the attached organization chart. Modifications or changes i n  
basic organization structure are  subject t o  the approval of the Director, 
Space Flight Development and the Administrator, NASA. 

/s/ T, Keith Glennan 
Administrator 

Encl 
Chart 
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NATIONAL AEBONAUTICS AND SPACE AIMINIS'IIRATION 
GODIYLRD SPACE FLIGHT CENTW 

41OOA-89 : TE,T : Vmb 
%Y 1, 1959 

MJBIORANDUM To ASSISTANT DIRECTORS AND DIVISION CHIEFS 
Subject: Organization and Functions of the Goddard Space 

Flight Center 

1. Effective May 1, 1959 the  Beltsvi l le  Space Center became 
the Goddard Space Flight  Center. 
panies the first  formal announcement of the Space Flight  
Center organization, mission, functions, and appointments of 
many of the key personnel. 

2. 
functions accompanied by the o f f i c i a l  organization chart 
for  the Space Flight Center. 
type, the wording i n  some cases may carry different meaning 
t o  different  people. Therefore, it should be stated tha t  the 
spelling out of the  mission was not done t o  be res t r ic t ive  so 
far as ac t iv i t i e s  conducted by the Space Center a re  concerned. 
The mission i s  broad and the functions certainly spe l l  out 
more responsibi l i t ies  than we can fully carry out o r  w i l l  be 
able t o  carry out u n t i l  our capabil i t ies  have been b u i l t  up 
much beyond the point where they now exist.  

3.  
and published t o  gear internal  operations t o  the new organization 
structure. Such workaday things as time cards, directories, 
job order numbers, delegations of authority, e t  cetera are 
i n  the process of being published. 
ning work as possible, but since a l l  organization detai ls  were 
not nailed down u n t i l  a very l a t e  hour it w i l l  take us a 
couple of days t o  publish the necessary instructions. I n  the 
meantime, you are advised tha t  all previous instructions re- 
main i n  effect  u n t i l  superseded. For instance, job order and 
account numbers t o  be used on time cards, stubs, e t  cetera will 
remain the same u n t i l  changed by specific notice. This 
paragraph is not t o  be interpreted i n  any way as abrogating 
the authority of any appointed of f ic ia l .  

The change i n  name accom- 

Attached i s  the o f f i c i a l  statement on organization and 

As with most documents of t h i s  

There are many administrative de ta i l s  t o  be sorted out 

We did as much preplan- 

(signed) 
T. E. JEMCINS 
Administrative Officer 
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NATIONAL AERONAU!CICS AND SPACE A I M I N I S M O N  
WASRINGTON 25, D.C. 

OFNXKURTIOM OF AC!ITVITIES 
OF GODJNRD SPACE FLIGHT CEWi’ER 

Mission and Functions 

1. Operating as an integral  par t  of the NASA space f l i g h t  program, 
under the overall  guidance and direction of the Director of Space Flight 
lkvelopment, NASA Headquarters, the Goddard Space Flight Center w i l l  be a 
major f i e l d  arm of NASA. 
ning, research, developmental, and operational phases of the nation‘s space 
f l igh t  program. 

It w i l l  carry out assigned missions i n  the plan- 

Specifically, personnel of the Center shall: 

a )  Conduct advanced planning and theoretical studies 
leading t o  the development of payloads f o r  sc ien t i f i c  and 
manned space f l ights .  

b )  Conduct necessary supporting research i n  scient i f ic  
payloads, applications systems, instrumentation, communications, 
guidance, and vehicles. 

e )  k e l o p  payloads for approved sc ien t i f i c  programs, 
applications programs, and manned space flights. 

d) Develop, subject t o  specific approval i n  each case, 
vehicles t o  launch payloads. 

e )  Supervise Goddard Space Flight Center f l i g h t  operations, 
integrating the a c t i v i t i e s  of all participants as necessary t o  
accomplish missions successfully. 

f ) Supervise tracking, data acquisition, communications 
and computing operations f o r  the provision of o rb i ta l  and 
reduced f l i g h t  data from s a t e l l i t e s  and space vehicles f o r  
NASA space f l ight  programs assigned t o  or monitored by the 
Center and f o r  other space programs as requested by the Direc- 
t o r  of Space Flight Lkvelopment. 

g)  Interpret resul ts  of f l i g h t  programs f o r  which the 
Goddard Space Flight Center i s  responsible. 

h )  Furnish technical management of projects, including 
monitoring of contractors, t o  insure timely and economical 
accomplishment of objectives. I n  t h i s  connection, the Goddard 
Space Flight Center w i l l  execute contracts, i n  accordance with 
delegated authority, f o r  performance of work necessary t o  
accomplish program objectives. 
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i )  Vpn request by the Director of Space Flight 
Development, provide support f o r  space program ac t iv i t i es  
of other organizations, e.g., mili tary establishments of 
Department of Defense. 

2. These missions wi l l  be carried out through the execution of major 
functions as described below: 

a )  Advance Planning. The Goddard Space Flight Center staff w i l l  
include leaders i n  the several space science fields who w i l l  be re- 
sponsible f o r  the formulation of ideas and concepts which are essent ia l  
t o  the effectiveness of the space f l igh t  program. 
ning w i l l  be of value t o  t h e  Space Flight Center i n  carrying out i t s  
mission. 
Office of Space Flight Development, NASA Headquarters, i n  the formula- 
t i o n  of the national space f l i g h t  program. 

This advance plan- 

Also, the Space Flight Center wi l l  assist and advise the 

b )  Research. The Space Flight Center w i l l  perform two broad types 
of research: scient i f ic  and engineering research necessary t o  serve as  
a base f o r  future ideas and applications; and research i n  the disciplines 
of the space sciences as a basis  f o r  acquiring ever-increasing knowledge 
of space phenomena. 

c )  Development and Fabrication. The Goddard Space Flight Center 
wi l l  design and develop, including prototype fabrication, components 
and systems which advance the state-of- the-art of space technology or  
which have direct  project application. A par t  of t h i s  act ivi ty  w i l l  
be in-house, while the remainder w i l l  be on contract. The development 
and fabrication ac t iv i t i es  t o  be handled in-house w i l l  normally be those 
which cannot be handled as economically, expeditiously, or effectively 
by a contractor, e i ther  because they are so intimately related t o  other 
ac t iv i t i es  being carried out at the Center or because they involve 
matters so fundaslental t o  major in-house project operations of the 
Center that they cannot readily be separated therefrom. 

d)  Operations. The Space Flight Center personnel w i l l  be i n  
charge of technical operations i n  the f i e l d  f o r  all programs assigned t o  
the Center. 
those on contract f o r  which the Center has the monitoring responsi- 
b i l i t y .  
the technical direction and control of project and functional heads 
within the Center. 
data reduction and interpretation, wi l l  be operational responsibili t ies 
of the Space Flight Center. For other NASA space f l i g h t  programs, the 
Center, upon request of the Director of Space Flight Development, w i l l  
assume operational responsibility f o r  tracking, data acquisition, com- 
munications and computing operations and f o r  the provision of o rb i ta l  
and reduced f l igh t  data from s a t e l l i t e s  and space vehicles. 

These programs wi l l  include in-house projects as well as 

Space Flight Center technical teams a t  launches w i l l  be under 

Space communications and tracking, as well as 
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e )  Project Management. The Space Flight Center w i l l  
be responsible f o r  the management of projects and par ts  
of projects as necessary f o r  the accomplishment of i t s  
assigned missions. A project i n  t h i s  sense i s  the applica- 
t i o n  of sc ien t i f i c  and engineering technology t o  a specified 
objective, such as man-in-space, meteorological sa te l l i t es ,  
lunar probes, and so  forth. 
i n  Headquarters, i n  the NASA f i e l d  organizations, o r  from 
other sources. 
zation by Heaaquarters. 
an in-house or a contract basis.  
may from time t o  time be assigned t o  the Space Flight Center 
on contracts l e t  by NASA Headquarters. 
be designated from the NASA Headquarters s taff  t o  advise and 
assist the Goddard Space Flight Center i n  projects execution 
and i n  resolving management problems which require Headquarters 
attention and support. 

Ideas f o r  projects may originate 

Projects wi l l  be undertaken following authori- 
Projects w i l l  be carried out on ei ther  

Monitoring responsibility 

Project off icers  will 

Relationships 

1. With Office of Space Flight Development, NASA Headquarters 

a )  The Goddard Space Flight Center w i l l  participate 
with the Office of Space Flight Development i n  the defini- 
t ion  and e s t a b l i s b e n t  of national program objectives. 

b )  Within the defined national program objectives, 
the Goddard Space Flight Center wi l l  carry the f u l l  
responsibili ty f o r  accomplishing the missions assigned t o  
it, subject t o  quch technical advice and assistance as the 
Office of Space Flight Development, NASA Headquarters, may 
provide. 

e )  The Goddard Space Flight Center w i l l  keep the Office 
of Space Flight Development f u l l y  informed at  a l l  times con- 
cerning problems ar is ing and progress made i n  connection 
with the Center's assigned responsibili t ies.  

d) The Goddard Space Flight Center w i l l  be responsible 
f o r  i t s  own in ternal  administration, i n  accordance with the 
provisions of applicable s ta tutes  and policies, procedures, 
and regulations issued by NASA Headquarters. 

2. With JPL 

The missions and functions of the Goddard Space Plight Center and the 
J e t  Propulsion Laboratory complement each other. 
tual relationships between the two, but there w i l l  be frequent interchange 
of data and technical information t o  the extent warranted by the common 
interests  of both or  as necessary f o r  the operations of either.  The 

There w i l l  be no contrac- 
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relationships between these two organizations, both active i n  the space 
f l i g h t  development f ie ld ,  w i l l  be essential ly the same as those which exis t  
between the IBASA. Research Centers. 

3 .  With NASA Research Centers 

The Goddard Space Flight Center w i l l  have no formal relationships 
with the NA% Research Centers except through NASA Headquarters. 
of communications i n  matters requiring formal act ion wi l l  normally be: 
Goddard Space Flight  Center t o  Office of Space Flight  Development, NASA 
Headquarters, t o  Office of Aeronautical and Space Research, NASA Headquarters, 
t o  the Research Centers. 
w i l l  be referred t o  the Goddard Space Flight  Center through the same offices, 
but i n  opposite sequence. 
be carried on f ree ly  between the Space Flight Center and the Research Centers 
without regard t o  these channels, except tha t  information copies sha l l  be 
furnished t o  the Office of Space Flight Development and the Office of Aero- 
nautical and Space Research, NASA Headquarters. 

The channel. 

Such matters originating i n  the Research Centers 

Interchange of information and data, however, may 

4. With Contractors 

The Goddard Space Flight Center w i l l  be authorized t o  enter into 
contractual arrangements with private contractors i n  accordance with appli- 
cable NASA policies, regulations, and procedures. Subject t o  the limitations 
imposed by such policies, regulations, and procedures, the Goddard Space 
Flight Center w i l l  have the authority t o  develop contract specifications, 
including engineering design where appropriate, invi te  bids, evaluate pro- 
posals, make awards, and monitor performance. 

5. With Governmental Agencies 

There w i l l  be contractual relationships between the Goddard Space 
Flight.Center and other governmental agencies as authorized by NASA Head- 
quarters. 

Organization of the Goddard Space Flight Center 

1. Attached i s  an organization chart ref lect ing the components which 
are propossd as major segments of the Goddard Space Flight  Center. 
organization provides: 

This 

a )  
Goddard Space Flight  Center with the national space program 
objectives. 

b )  

Integration of the missions and functions of the 

Coordination of the direction of the sc ient i f ic  and technical 
functions of the Center with the supporting engineering and business 
management ac t iv i t ies .  

4 
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c )  A s taff ing pat tern tha t  anticipates and provides f o r  
the orderly integration of the personnel and functions now 
separately located at Langley Research Center, Lewis Research 
Center, and Naval Research Laboratory. 

d) A management s tructure capable of full execution of 
both technical and support ac t iv i t i e s  with the same degree 
of delegated responsibility tha t  characterizes the operation 
of other major NASA f i e l d  establishments. 

2. The sc ient i f ic  and technical programs of the Center a re  grouped 
under three Assistant Directors. 

a )  The Assistant Director, space Science and Sa t e l l i t e  
Applications, will be responsible fox: 

1) space Sciences Division - 
responsible for  conduct of a broad program 
of basic research i n  the space sciences 
through the use of experiments carried i n  
rockets, earth s a t e l l i t e s ,  and space probes. 

2 )  Tneoretical Division - 
responsible for  conduct of a broad program 
of study and research i n  phases of theoret ical  
physics, mathematics, and mechanics associated 
with the exploration of space. 

3) Payload Systems Division - 
responsible for  integration of sc ient i f ic  
experiments and equipments in to  cmplete 
earth s a t e l l i t e s  and space probes; conducts 
research and development i n  the fields of 
space environment and special  electronic 
devices such as telemetering systems, cormnand 
receivers, control circuitry,  and power supplies; 
designs, fabricates, constructs, and tests 
s a t e l l i t e  and probe space systems. 

4) Sa te l l i t e  Applications Systems Division- 
responsible fo r  research and development on 
applications systems, including: applications 
s a t e l l i t e s ,  such as  the meteorological, comuni- 
cations, and geodetic satellites; space techniques 
such as advanced control and s tab i l iza t ion  
systems; and space and booster vehicle systems. 

b )  The Assistant Director, Tracking and lLzta Systems, w i l l  
be responsible for: 
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1) Tracking Systems Division - 
responsible fo r  research and development on new 
systems f o r  tracking, data acquisition, and 
connnunications between sa t e l l i t e s  and/or space 
vehicles and ground receiving stations; provides 
evaluation capability fo r  all system proposals 
plus cal ibrat ion capability fo r  systems which 
are i n  operation; provides technical and engineer- 
ing support fo r  a l l  modifications and enlarge- 
ments of technical equipment a t  the f i e l d  
stations, by furnishing prototype equipment, 
contract monitorlng, and f i e l d  ins ta l la t ion  
and technical inspection services. 

2 )  Data Systems Division - 
responsible fo r  the application of data reduction 
techniques to:  launching of vehicles, orb i t  calcu- 
lation, and s a t e l l i t e  and space probe sc ient i f ic  
data; conducts research and development on new 
data handling techniques as  required fo r  Space 
Flight Center programs, and furnishes theoret ical  
support fo r  a l l  phases of data techniques and 
analyses; responsible f o r  data reduction and com- 
putation ac t iv i t ies  connected with NASA space 
f l i gh t  programs assigned to,  or monitored by, 
personnel of the Center; provides computation 
service fo r  a l l  areas of the Center as  required, 
as requested by Director of Space Flight Devel- 
opment, assumes operational responsibility fo r  
data reduction and computation ac t iv i t i e s  fo r  other 
NASA or Department of Defense programs. 

3) Operational support Division- 
responsible fo r  establishment and continuous 
operation of global tracking, data acquisition, 
and communications network, furnishing personnel 
and technical and logis t ic  support therefore; 
operates control center of the Goddard Space Flight  
Center, furnishes continuing technical support of 
space f l i g h t  operations, including range support 
and operations necessary t o  i n i t i a t e  communication, 
tracking and data sequences a f t e r  vehicle launch; 
coordinates operations t o  assure u t i l iza t ion  of 
the net and adequate service t o  user teams, both 
inside and outside NASA. 

c )  The Assistant Director, Manned Sate l l i tes ,  w i l l  be 
responsible for: 

1) Flight Systems Division - 
responsible f o r  conceptual design, integration 
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and performance of complete manned space flight 
systems, including on-board equipment and sub- 
systems; carries out preliminary design and per- 
formance analyses and specifies requirements fo r  
advanced systems; monitors or performs the re- 
quired basic and applied research i n  support of 
space flight systems. 

2 )  Operations ISivision - 
responsible fo r  establishing operational proce- 
dures associated with the launch, in-orbit,  re- 
entry and recovery phases of manned space f l i gh t  
missions; accomplishes detailed trajectory 
analyses associated w$%h each mission i.n the 
Mercury Program t o  ensure tha t  t e s t  plans and t e s t  
schedules are met; conducts necessary pre-flight 
checking and in- fl ight  monitoring i n  order t o  
maintain f l i gh t  safety; selects  and t r a in s  f l i gh t  
crews appropriate f o r  each f l i gh t  test. 

3) Engineering and Specifications 
Division - responsible f o r  engineering studies of 
proposed manned space flight vehicles and com- 
ponents t o  determine t h e i r  feasibi l i ty;  prepares 
specifications and cost estimates; supplies and 
monitors technical information required f o r  the  
procurement and administration of contracts. 

There i s  also included i n  the organization a Special Pro- 3. 
jec ts  Group, currently identif ied as the Lewis Space Task Group, which 
has program responsibility fo r  engineering development and design of a 
special high energy rocket stage. 

k .  The Office of Business Administration w i l l  provide the Center 
with the  f u l l  range of central  administrative support functions, in- 
cluding: personnel administration; budget and f inancial  administration; 
plant and personnel security programs; management analysis ac t iv i t ies ;  
administrative services, including plant and f i r e  protection; procure- 
ment and supply, including contract administration; and technical 
information, including l ibrary  services. 

5. The Office of Technical Services i n i t i a l l y  w i l l  include only 
the construction group which i s  already i n  existence. As construction 
progresses, however, and the  Space Flight  Center becomes a physical 
real i ty,  it w i l l  be necessary t o  staff t h i s  Office t o  perform the full 
range of i ts functions. These w i l l  include: fabrication and shop 
operations; construction and repair; buildings and grounds maintenance; 
u t i l i t i e s  operations; automotive operations, and industr ial  safety. 

/s/ Abe Silverstein 
Director of Space Flight Development 

Attachment 
1 Chart 

h t e :  1 May 1959 
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NATIONAL AEROlTAWCS AND SPACE AIMII%tS!FM!KtON 
Washington 25, D. C. 

NASA RE3WEASE NO. 59-I25 
EX 3-3260 
Ext. 7827 

FOR RELEBSE: 
Friday P.M. 
May 1, 1959 

NASA's NEW SPACE PROJECTS FACILITY NAMED 
GODDARD SPACE FLIGHT CENTER 

T. Keith Glennan, NASA Administrator, announced today the Govern- 

ment's space projects center at Greenbelt, Maryland, will be named the 

Goddard Space Flight  Center i n  commemoration of Robert €I. Goddard, 

American pioneer i n  rocket research. 

The Goodard Space Flight Center, under the overal l  guidance of the 

Director of Space Flight  Bvelopment at NASA headquarters, w i l l  perfom 

basic space research and w i l l  be responsible for  the development of 

s a t e l l i t e s ,  space probes and vehicles, tracking, communications, and 

data reduction systems. I n  addition, the f a c i l i t y  will eventually be 

a command control center for NASA space f l i gh t  operations. 

The organization of NASA's new Space Center includes a director, 

not yet  appointed; three major research and development groups, each 

headed by an ass i s tan t  director; and business administration and tech- 

nica l  services departments. 

John W. Townsend, Jr., formerly Chief of NASA's Space Sciences 

Division, has been appointed Assistant Director fo r  Space Science and 

Sa t e l l i t e  Applications. Divisions reporting t o  him are: Space 

Sciences, Theoretical, 

Systems. The Vanguard 

Sa t e l l i t e  Applications Systems, and Payload 

Operations Coordinating Group a lso  reports t o  
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Townsend. 

integrated in to  other major NASA space f l i g h t  projects. 

B e g i d n g  today, the staff of the Vanguard Division w i l l  be 

John T. Mengel, former head of the Space Tracking Systems Branch 

i n  the Vanguard Division, has been named Assistant Director f o r  Track- 

ing and k t a  Systems. Reporting t o  him are  the Tracking Systems, =ta 

Systems, and Operational Support Divisions. 

Robert R. Gilruth is  the Center's Assistant Director fo r  Manned 

Sate l l i tes .  

Divisions under h i s  direction are: Flight Systems, Engineering and 

Specifications, and Operations. 

He currently heads the Mercury manned space f l i g h t  project.  

Michael J. Vaccaro, formerly assistant  head of the Administrative 

Management Office and Personnel Director at the Lewis Research Center, 

Cleveland, Ohio, has been appointed Business Manager of the Space Cen- 

ter. The head of Technical Semices has not been announced. 

The Goddard Space Flight  Center w i l l  be b u i l t  on an approximately 

550-acre t r a c t  acquired from the Government's Beltsvi l le  Agricultural 

Center, north of Washington, D. C. Located east of the Baltimore- 

Washington Parkway, the site is bounded on the south by Glendale Road. 

The contract for the first two major buildings at the Center -- 
Space Projects Building and Research Projects Laboratory -- was l e t  

April 10, 1959, t o  Norair Engineering Corporation of Washington, D. C., 

a t  a t o t a l  cost of $2,882,577. 

fo r  completion i n  mid-1960, w i l l  t o t a l  about 100,000 square f ee t  of 

laboratory and off ice f loor  space. 

These two-story buildings, scheduled 

They w i l l  house a staff of about 
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450. 

be housed at the U. S. N a v a l  Research Laboratory i n  Washington, and a t  

the Langley Research Center, Langfey Field, Virginia, u n t i l  the eom- 

pletion of the fac i l i ty .  

The remainder of the staff of the Goddard Space Flight Center w i l l  

- m -  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

EWS RELEASE 
GODDARD 
SPACE FLIGHT CENTER OFFICE OF PUBLIC INFORMATION 

PHONE: GRanite 4-9000, Ex. 555 GREENBELT, MD. 

FOR RELEASE 
S m A Y  A.M.'S 
March 12, 1961 

Goddard Space Fl ight  Center at Greenbelt, Md., on March 16. 
marks the 35th anniversary of the  world's first f l i g h t  of a liquid-propelled rocket 
engine by Dr. Robert H. Goddard, fa ther  of  American rocketry, f o r  whom the  Center 
has been named. 

The National Aeronautics and Space Administration w i l l  dedicate i ts  $27-million 
The Dedication date 

The Center, which w i l l  be completed by the end of next year, is the  first com- 
p le t e ly  new complex t o  be constructed and s ta f fed  f o r  t he  peaceful exploration of 
space since NASA was establ ished i n  November, 1958. 

Center personnel conceive, develop and fabricate  satellite and sounding rocket 
instrumentation t h a t  probe space i n  the  immediate v i c in i t y  of the earth. 
also has the world-wide responsibi l i ty  f o r  tracking, communications and. data analysis  
f o r  both manned and unmanned spacecraft. 

which w i l l  begin a t  2 P.X. 
half  hour tour  of the Center's f a c i l i t i e s .  
public. 
from lO:3O A.X. t o  3:30 P.N. 
Center nears conpletion. 

The Center w i l l  be dedicated by Dr. Detlev Wulf Bronk, President of  the 
National Academy of Sciences. H e  w i l l  be introduced by James 3. Webb, 3ASA Admin- 
i s t r a to r .  
rocket pioneer, She w i l l  be hresented a Congressio a1 Cold Fkdal, authorized by the  
86th Congress. 
(D-Okla.), 
and Overton Brooks (D-La.), Chairman of the  House Go i t tee  on Science and Astronautics. 

I41-s. Goddard and Dr.  Bronk w i l l  unveil  a sculpt  i e of  Dr ,  Goddard which laker 
w i l l  be placed i n  the  Center's AdministrationBuildin& 
sculptor, Joseph Anthony Atchison, noted f o r  h i s  creat ive work i n  the Shrine of the 
h - a c u l a t e  Conception i n  Washington, the  liorld Fl ight  Memorial f o r  t he  Sxnith'sonian 
Ins t i tu t ion ,  and the  Second Inaugural Kedal of Franklin D. Roosevelt. 

The Center 

Several hundred invi ted guests a re  expected to at tend theDedication cerenony 
The ceremony w i l l  be followed by a guided one and one- 

The Dedication w i l l  not be open t o  tile 
Open house f o r  employees and t h e i r  families will be held Saturday, Earch 18 

It is planned to hold a public  open house later as the 

An honored guest w i l l  be Mrs. Esther Goddarc?., widow of the  Clark University 

The presentation w i l l  be made jo in t  y by Senator bbert S. Kerr 
Chairman of the Senate Committee on Aero au t i ca l  and Space Sciences, 

It was created by Washington 
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IlELFAS NO, 3-10-61-5 

Release f o r  Sunday ;2.Hees 
Ymch 12, 1961 

Invocation f o r  the ceremonies w i l l  be delivered by The Rev. Kenneth B. e a t t ,  
The benediction will be said by Father pastor  of the Greenbelt Sommunity chupch, 

Victor J. hwgia l lo ,  pastor  of St ,  Hugh's Catholic Church, Greenbelt. 

The tours ,  both f o r  invi ted  guests and the 'open house' f o r  employees and 
t h e i r  families, wi l l  embrace the f u l l  spectrum of the Center's ac t iv i t i e s .  
cluded w i l l  be a Control born demonstration with simulation of a pre-rocket launch 
and countdown procedures, followed by a simulated satellite in jec t ion  in to  orbi t .  

TLectures w i l l  be given oh the Centerqs operation of global s a t e l l i t e  tracking 
The Center's cooperative ro le  

In- 

networks, including Itinitrack and Proeject Nercury. 
f o r  the international  exploration of space w i l l  be explained. 
animated miniature tracking s ta t ion ,  and a scale model of the forthcoming S-51 
spacecraft being instrumented by the United Kingdom which w i l l  be flown by Coddard. 

m a n y  of the Goddard Centerss fani ly  of sounding rockets used. f o r  s c i e n t i f i c  ex- 
periments. Inchded  wil l  be an T,%s Sounding Rocket and an Aerobe l5OA with a 
new a t t i t ude  (o r  pointing) control system. 
fo r  the first test of conwolling a rocket 's three axes of pitch,  yaw and roll. 
The experiment also w i l l  carry equipment aimed at measuring gamma ray  in t ens i t i e s  
and the so lar  illumination, 

Other models :dl include the T i r o s  weather satellite; the P-14 mapeto1;eter 
(o r  radiation-counting) spacecraft; the S-3  energetic pa r t i c l e s  measureuee:tt s abe l l i t e ;  
the Explorer VI11 and Vanguarci I. 
meteorite detector. 

Guests w i i l  see an 

There w i l l  be an extensive display of spacecraft instrumentation along with 

A s imilar  rocket w i l l  be fired March 15 

Guests xi11 also see a demonstration of a nicro- 

Tours trill 'be conducted through the Center's extensive laboratory f a c i l i t i e s  
where guests w i i . 1  see vacuum, vibrat ion and spin-balancing equipment used to simu- 
late space environmental conditions. 

- 2 -  
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 

EWS RELEASE 
GODDARD 
SPACE FLIGHT CE OFF'ICE OF PUBLIC INFORMATION 
GREENBELT, MD. PHONE: GRanite 4-9000, Ex. 555 

RELEASE NO. 3/14/61-1 

GODDARD SPACE FLIGHT CEWTER 

FACT SHEET 

The National Aeronautics and Space Administration GODDARD SPACE 
FLIGHT CENTER is the first completely new scientific center created since 
the NASA was established October 1, 1958. 
devoted exclusively to the peaceful exploration 0.f space. 

It is the nation's newest facility 

Formally organized on May 1, 1959, it was named for the late 
Dr. Robert H. Goddard, recognized as the Father of American Rocketry. He 
designed, developed and flew the world's first liquid-fuel rocket. 

The Center was dedicated March 16, 1965 the Thirty-fifth Anni- 
versary of that launching by Dr. Goddard. 

The Goddard Space Flight Center is one of ten field laboratory 
facilities of the N.A.S.A., and is one of several integrated units under 
the direction of the Office of Space Flight Programs. The Center carries 
out assigned missions in the theoretical, planning, research, development 
and operational phases of space flight, utilizing laboratory studies and 
experiments, sounding rockets, earth satellites and space probes. 

Organization 

Dr. Harry J. Goett is Director of the Goddard Space Flight Center. 
Principal operating executive is Eugene W. Wasielewski. Associate Director. 
Other major officials and their duties are: 

Mr. John W. Townsend, Jr.. Assistant Director. Space Sciences and 
Satellite Applications, supervises four divisions: 

a. The Space Sciences Division, headed by Dr. Leslie H. Meredith, con- 
ducts basic research in the space sciences through the use of ex- 
periments carried in rocket sondes, earth satellites, and space 
probes. 
provides management and contract monitoring. 

It supports the NASA National Sounding Rocket Program and 

- More - 
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b. The Theoretical Division, headed by Dr .  Robert Jastrow, s tudies  
and conducts research i n  theoret ica l  physics, mathematics, and 
mechanics associated wi%h space exploration. 
ana ly t i ca l  problems involving the  use of large  computers. The 
Division is now organizing an I n s t i t u t e  fo r  Space Studies i n  New 
York City, where it w i l l  draw on t a l e n t  from Universit ies and Re- 
search Groups. 

Included are specia l  

c. The Payload Systems Division, headed by N. Whitney Matthews, is 
responsible fo r  the in tegrat ion of experiments and equipment6 
in%o complete ear th  satellites and space probes; and fo r  the 
basic satell i te s t ructure ,  thermal balance, and in tegr i ty  of the 
e n t i r e  system through a l l  anticipated environmental conditions. 

d. The S a t e l l i t e  Applications Division, headed by D. G. Mazur is con- 
cerned with research, preliminary design and project  management 
of meteorological, communications, and geodetic satellites. 

Mr. John T. Mengel, Assistant Director, Tracking and Data Systems. 
This o f f i ce  supervtses three divfsions: 

a. 

b. 

C. 

d. 

Traaking Systems Division, headed by Clarence A. Schroeder, 
which concerns i t s e l f  with research and development of new 
tracking, data acquis i t ion and communications systems between 
space vehicles and ground receiving s t a t ions .  

The Data Systems Division, headed by D r ,  Charles V.L. Smith, ap- 
p l i e s  data reduction techniques t o  launching6 of vehicles,  o r b i t  
calculations,  and satellite and space probe findings. 

The OperatLonal Support Division, headed by Fred Sa Fr ie l ,  estab- 
l i shes  and operates NASA's global tracking, data  acquisit ion,  and 
communications network. 

The Theory and Analysis S ta f f ,  headed by Dr. Joseph W. Siry,  
provides o r b i t a l  and system analysis support fo r  tracking and 
data systems. 

Dr. Michael J. Vaccanro, Assistant Director. Business Administra- - tion. 
ing personnel, budget and finance, secur i ty e procurement and supply, admin- 
i s t r a t i v e ,  and public information. 

This o f f i ce  provides business management support functions, includ- 

Mr. Leopold Winkler. Chief, Office of Technical Services. This 
o f f i c e  is charged with fabr icat ion and shop operation, construction and re- 
pair ,  buildings and grounds maintenance, u t i l i t i e s  and automotive operation, 
and indus t r i a l  safety.  

- More- 
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The Goddard Mission 

Specific areas of Goddardvs responsibilities are: 

. Advanced planning and theoretical studies leading to development 
of spacecraft €or manned and unmanned scientific space investigations. 
This work includes formulation of concepts and ideas essential to ehe 
effectiveness of the NASA program. 

e Supporting research in spacecraft, applications systems, instru- 
mentation,. communications, guidance, and rocket vehicles as assigned. 

. Development and fabrication of spacecraft for scientific and ap- 
plications programs and manned space flight. The Center designs, develops, 
and fabricates prototypes of components and systems to advance space tech- 
nology or to foster practical applications. 
all such workp most of it is contracted out to industry and universities. 
For reasons of economy, urgency, efficiency or effectiveness, about fifteen 
percent of such activities are performed internally by the Center. 

Although the Center directs 

. Development and supervision of &rldwi.de tracking, data acquisi- 
tion, communications and computing operations for all NASA space programs 
except deep space probes. 

a Interpretation of results of experimelnbs under Goddard manage- 
ment + 

a Management of projects, including technical direction and the exe- 
cution and monitoring of contracts. 

Staff and Facilities 

Located on a 550-acre tract of land near Greenbelt, Maryland, 
about fifteen miles from Washington, D. C o p  the physical plant when com- 
pleted in 1962 will consist of eight facilities costing approximately 
$27 million. Facilities now in operation are: Space Projects Building, 
Research Projects Laboratory and Central Flight Control and Operations. 

First elements of the Goddard Staff were drawn from the Vanguard 
Project Team of the U. S. Naval Research Laboratory. The complement now 
numbers more than 1,300 and will total 1,800 by the end of 1961. 
pected to rise to about 2,000 when the Center construction is completed. 

It is ex- 

Facilities at the Center will enable scientists and engineers to 
subject payloads to the complete range of flight environments without having 
to risk an actual launch with untried hardware. 

- More - 
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As one example, the Center's environmental test facilities include 
centrifuges, dynamic balancing machines, vibration machines, and thermal 
vacuum chambers. .Of the last, there will be four when the present construc- 
tion program is completed--including some of the largest chambers in the 
country. The largest will measure thirty feet by forty feet and will be 
capable of producing the complete range of near-space vacuum and tempera- 
ture conditions * 

Scientific Exploration in Space 

Goddard Center programs embrace unmanned scientific research and 
exploration of space; study of the earth's upper atmosphere; study of the 
earth itself from the space viewpoint; unmanned technological utilization 
of space for practical purposes, such as weather forecasting and global 
telephone, radio and television communications; and near-space tracking 
and data handling. 

During the present decade, in the execution of this program, the 
Center plans to launch at least ninety-six scientific satellites and twenty- 
eight applications satellites. 

Launching of sounding rockets and space probes will total hun- 
dreds. Purchases of sounding rockets in the current fiscal year include 
22 Aerobees, 18 Iike-Asps, 20 Nike-Cajuns, 4 Argo D-4's (Javelins), 
2 Argo D-8's (Journeyman), and 5 Iris. Frequency of rocket launchings 
is expected to increase steadily ovee the next decade, particularly in 
support of the Tiros-Nimbus weather satellite programs. 

The Center plays a major sole in NASA's international coopera- 
tion for the peaceful exploration of space. 
are participating in the Tiros meteorological satellite experiments; Canada 
is designing the payload for a swept-frequency topside ionosphere sounder 
satellite to be launched and tracked by Goddard; United Kingdom will supply 
the experiments for an international ionosphere satellite to be built and 
launched by Goddard; and a number of scientists and technicians are in co- 
operative study and training at the Center. 

Scientists of twenty-one nations 

Accomp lishmenta 

Since"its organization, the Goddard staff has made significant 
contributions to knowledge of space and the earth. 

The Vanguard I11 satellite, designed and launched by the Goddard, 
Staff provided information on the distribution and intensity of the earth's 
magnetic fields; detailed location of the lower edge of the Van Allen Great 
Radiation Belt, and made an accurate count of micrometeorite impacts. 

- More - 
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The Explorer VI1 satellite, in which Goddard played a key role 
in cooperation with the NASA Marshall Space Flight Center and the Jet Pro- 
pulsion Labotatory, provided valuable information on radiation balance, 
Lyman-Alpha x-rays, heavy primary rays, micrometeorite impacts, solar ex- 
posure, temperature, magnetic storms and detected large-scale weather 
patterns. 

The Pioneer V space probe experiment, jointly conducted by 
Goddard and the Space Technology Labratories, transmitted valuable data 
on solar flares, particle energies and their distribution, and magnetic 
fields. The probe, second U. 5. spacecraft to orbit the sun, transmitted 
data to earth from a record distance of 22,500,000 miles. 

The Tiros I and PI meteorological satellite experiment$,.launched 
by the Delta rocket developed under Goddard supervision, provided many 
thousands of photographs of the earth's cloud cover and mapped radiation 
and heat balance on a global scale. 

Echo I, the first passive conarmrraieations satellite, was launched 
in cooperation with the NASA Langley Research Center. 
flatable sphere proved the feasibility of commP11Picatioms over long dis- 
tances by bouncing radio signals off its reflective surface. 
transmitted across the contfnent and across the Atlantic and photographs 
were sent by the same means. 

This 100 foot in- 

Messages were 

The Explorer VI11 Satellite, another joint project of Goddard, 
the Jet Propulsion Laboratory and Marshall Space Flight Center, carried 
out the first intensive direct measurements of the earth's ionosphere, by 
measuring concentrations of charged particles and their temperatures. 

In its sounding rocket programsp Goddard made the first measure; 
ments of auroral absorption events and solar proton beams; first flew an 
alkali vapor magnetometer to measure the earth's magnetic field at altitudes 
above 600 miles, and obtained the first ultraviolet stellar spectra. 

The NERV, or Nuclear Emulsion Recovery Vehicle, lamched by 
sounding rocket from the Pac5fic Missile Range to a height of 1,260 miles, 
was recovered from the ocean. The experiment produced exact measurements 
of the lower Van Allen Great Radiation Belt. 

- End - 

226 



A P P E N D I X  D . 

EXHIBIT 15 

COPY 
P 

HISTORICAlCl BACKGROUND AND C(MMUNICATI0NS S A m T E  ACT OF 1962 

On August 31, 1962, the President signed H.R. U O b ,  and the Communi- 
cations S a t e l l i t e  Act of 1962 became l a w .  A t  the  time of signing, the 
President congratulated the Congress f o r  "a s tep of h i s to r ic  importance .I1 
He sta ted further:  "It promises significant beneffts t o  our own people 
and t o  the whole world. Its purpose i s  t o  establish a commercial 
communications system, u t i l i z ing  space s a t e l l i t e s  which will serve our 
needs and those of other countries and contribute t o  world peace and 
understanding ." 
Major steps i n  the development of t h i s  legis la t ion were as  follows: 

a. 

b. 

C. 

a. 

e. 

June 15, 1961, the President asked the Chairman of the National 
Aeronautics and Space Council t o  have recommendations prepared 
f o r  communications s a t e l l i t e  policy. Under direction of the 
Council staff, interagency meetings were held; policy recom- 
mendations were drafted; and those recommendations yere acted 
upon unanimously by the Council. 

July  14, 1961, the President approved and released the policy 
statement, which stressed the public in te res t  objectives i n  
obtaining a global system as soon as  technically feasible. 
This policy s ta ted t h a t  private ownership and operation of the 
U.S. portion of the system is  favored, provided tha t  the public 
in te res t  is  adequately protected through opportunities f o r  
foreign participation, non-discriminatory use of and equitable 
access t o  the system, and effective competition i n  the ac- 
quisit ion of equipment and i n  the structure of ownership and 
control. 

I n  the  fa l l  of 1961, the  President requested the s taff  of the  
Council t o  draf t  recommendations i n  order t h a t  the  communica- 
t ions s a t e l l i t e  policy could be effect ively implemented. 
Under the direction of the Council staff, interagency drafting 
sessions were held, and the proposed b i l l  was prepared and 
transmitted t o  the President. 

February 7, 1962, the President sent the proposed legis la t ion 
t o  the  Congress and, i n  h i s  accompanying message, urged t h a t  
it be given prompt and favorable consideration. 

W e n s i v e  hearings were held i n  the Congress. 
conunittees called witnesses and participated i n  a thorough 
examination of the communications s a t e l l i t e  policy and pro- 
posed legis la t ion.  
and debate took place pr ior  t o  votes i n  both the  House and 
the Senate. !be House passed a b i l l  by a 354 t o  9 vote on 

Six different 

After such cormittee actions, explanation 
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May 3;the Senate passed i t s  corresponding version of a b i l l  
by a 66 t o  1 1 v o t e  on August 11; and the House acted t o  accept 
the Senate b i l l  by a 377 t o  10 vote on August 27. 

August 31, 1962, the b i l l  was signed by the President and be- 
came l a w .  

October 4, 1962, the President nominated 13 distinguished 
ci t izens t o  be Incorporators, with the statutory responsibility 
f o r  taking the necessary actions t o  establish a Communications 
S a t e l l i t e  Corporation. 

f .  

g. 

The Incorporators, under interim appointments, have held a number of 
meetings t o  consider and initiate the steps required to organize the 
corporation and t o  apply f o r  a charter under the Distr ict  of Columbia 
Business Incorporation Act, as provided under the terns of the Communi- 
cations S a t e l l i t e  Act. 

The Communications Sa t e l l i t e  Act of 1962 incorporates the major objec- 
t ives  of the President 's policy statement of July 24, 1961. 
authority fo r  the creation of a private corporation t o  serve as the 
United States portion of any global system. It w i l l  be privately f i -  
nanced and the essential  business management w i l l  be i n  the hands of 
12 directors  elected by the stockholders and 3 directors appointed by 
the President and confirmed by the Senate. A t  the same time tha t  the 
benefits of profit-making incentives and private management a re  ob- 
tained, the Act i s  most careful  t o  identify national polciy objectives 
i n  re la t ion  t o  the use of comnercial comunications s a t e l l i t e s  and t o  
provide the machinery within Government for  the  regulation of and 
assistance t o  the corporation. I n  such a framework, it i s  expected 
tha t  the services the corporation provides and the way it conducts its 
business will be wholly responsive t o  the several objectives of the 
Act. 

It provides 

2 
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Public Law 87-624 
87th Congress, H. R. 11040 

August 31, 1962 

76 STAT. 419. 
SLn SLct 

To provide for tile establishment, OWrerBhip, operation. and re&ation of a 
commercial communications satellite system, and for other purposes. 

Be it enacted b the Senate and House of Representathe8 of the 
United States of ffmvica in Congress assembled, 

TITIAE I--SHORT TITLE, DECLARATION OF POLICY AND 
DEFINITIONS 

SHORT TITL% 

SEG. 101. This Act may be cited as the “Communications Satellite 
Act of 1962”. 

DECLARATION OF POLICY AND PURPOBE 

SEC. 102. (a) The Congress hereby declares that it is the policy of 
the United States to establish, in conjunction and in cooperation with 
other countries, as expeditiously as practicable a commercial communi- 
cations satellite system, as part of an improved global communications 
network, which will be responsive to public needs and national ob- 
jectives, which will serve the communication needs of the United 
States and other countries, and which will contribute to world peace 
and understanding. 

(b) The new and expanded telecommunication services are to be 
made available as promptly as ossible and are to be extended to pro- 
vide global coverage at the eart?lest practicable date. I n  effectuating 
this program, care and attention will be directed toward roviding 
such services to economically less developed countries an8 areas a5 
well as those more highly developed, toward efficient and economical 
we of the electromagnetic frequency s trum, and toward the reflec- 
tion of the benefits of this new technogy in both quality of servims 
and charges for such services. 6“) I n  order to facilitate this development and to provide for the 
wi est possib!e participation by private enterprise, United States 
participation in the global system shall be in the form of a private 
corporation, subject to appropriate governmental regulation. It is 
the intent of Con ress that all authorized users shall have nondiscrim- 
inatory access to t%e systcm; that maximum competition be maintained 
in the provision of equi ment and services utilized by the system; that 
the corporation createcfunder thrs Act be so organized and operated 
as to maintain and strengthen competition in the provision of commu- 
nicat‘ons services to the ublic; and that the activities of the corpora- 
tion created under this wct and of the persons or companies partici- 
pating in the ownership of the corporation shall be consistent with the 
Federal antitrust laws. 

(d) It is not the intent of Congress by this Act to preclude the u68 
of the eommun’cations satellite system for domestic communication 
services where consistent with the provisions of this Act nor to pre- 
clude the creation of additional communications satellite systems, if 
required to meet unique governmental needs or if otherwise required 
in the national interest. 

DEFINITIONS 

SEc. 103. As used in this Act, and unless the context otherwise 

(1) the term “communications satellite system” refers to a 
tem of communications satellites in space w~iose urpose is to r e T i  
telecommunication information between sate1Ete terminal sta- 

r e q U l r e s  
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76 STAT. 420. 

tions, together with such associated equipment and facilities for 
tracking, guidance, control, and command functions as are not 
art of thegeneralized launching, tracking, control, and command 

Lcilities for all s ace urposesj 
(2) the term ckk,e&e termlnal station” refers to a complex 

of communication equipment located on the earth’s surface,ppem- 
tionally connected with one or more terrestrial communication 
systems, and capable of transmitting telecommunications to or 
receiving telecommunications from a communications satellite 
system. 
(3) the term “communications satellite” means an earth satel- 

lite which is intentionally used to relay telecommunication in- 
formation; 
(4) the term “associated equipment and facilities” refers to 

facilities other than satellite terminal stations and commFica- 
tions satellites, to be constructed and operated for the pnma 
purpose of a communications satellite system, whether for a y  
ministration and management, for research and development, or 
for direct support of space operations; 

( 5 )  the term “research and development” refers to the concep- 
tion, design, and first creation of ex erimental or prototype 
operational devices for the operation o f  a communications satel- 
lite system, including the assembl of separate components into 
a workin whole, as distinguishedrfrom the term “ roduction,” 
which rektes to the construction of such devices to [xed specifi- 
cations compatible with repetitive duplication for operational 
ap lications; and p6) the term “telecommunication” means any transmission, 
emission or reception of signs, signals, writings, images, and 
sounds or intelligence of any nature by wire, radio, optical, or 
other electromagnetic systems. 

(7) the term “communications commoii carrier” has the same 
meaning as the term “common carrier” has when used in the 
Communications Act of 1934, as amended, and in addition in- 
cludes, but only for purposes of sections 303 and 304, any indi- 
vidual, partnership, association, joint-stock company, trust, cor- 
poration, or other entity which owns or controls, directly or in- 
directly, or is underdirect or indirect common control with, any 
such carrier ; and the term “authorized carrier”, except as other- 
wise provided for purposes of section 304 by section 304(b) (l), 
means a communications common carrier which has been au- 
thorized by the Federal Communications Commission under the 
Communicatioiis Act of 1934, as amended, to provide services by 
means of communications satellites; 

(8) the term “corporation” meniis the corporation authorized 
by title I11 of this Act. 

(9) the term “Administration” means the National Aeronau- 
tics and Space Administration; and 

(10) the term “Commission” means the Federal Communica- 
tions Commission. 
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TITLE 11-FEDERAI, COORDINATION, PLANNING, AND 
76 STAT. 421. 

REGULATION 

IMPLF,MENTATI[ON OF POLICY 

SEC. 201. In  order to achieve the objectives and to carry out the 

(1) aid in the planning and develo ment and foster the 
execution of a national rogram for t\e establishment and 
operation, as expeditious& as possible, of a commercial com- 
munications satellite system; 

(2  provide for continuous review of all phases of the 

activities of a communications satellite corporation author- 
ized under title TII of this Act ; 

overnmental agencies 
with responsibilities in the field of te%communication, so as 
to insure that there is full and effective compliance at all 
times with the policies set forth in this Act; 

(4) exercise such supervision over relationships of the 
corporation with foreign vernments or entities or with 
international bodies as may f appropriate to assure that such 
relationships shall be consistent with the national intereat 
and foreign policy of the United States; 

( 5 )  insure that timely arrangements are made under which 
there can be foreign participation in the establishment and 
use of a communications satellite system; 
(6) take all necessary ste s to insure the availability and 

appropriate utilization of tRe communications satellite sys- 
tem for general governmental purposes-except where a sep- 
arate communications satellite system is required to meet 
unique r m e n t a l  needs, or is otherwise required in the 
nationa interest ; and 

7) so exercise his authority as to help attain coordinated 
an6 efficient use of the electromagnetic s p t r u m  and the 
technical compatibilit of the system with existing com- 
munications facilities L t h  in the United States and abroad. 

(b) the National Aeronautics and Space Administration 

(1) advise the Commission on technical characteristics of 
the communications satellite system 

( 2 )  cooperate with the corporation in research and de- 
velopment to the extent deemed appropriate by the Admin- 
istration in the public interest; 

$3) assist the corporation in the conduct of its research 
an development program by furnishing to the corporation, 
when requested, on a reimbursable basis, such satellite launch- 
ing and associated services as the Administration deems nec- 
essary for the most expeditious and economical development 
of the communications satellite system; 

(4) consult with the corporation with respect to the tech- 
nical characteristics of the communications satellite system ; 

(5) furnish to the corporation, on request and on a reim- 
bursable basis, satellite launching and associated serviw re- 
quired for the establishment operation, and maintenance 
of the communications eatelhe system approved by the 
Commission ; and 

purposes of this Act- 
(a) the President shall- 

deve 1 opment and operation of such a system, including the 

(3) coordinate the activities of 

shall- 
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(6) to the extent feasible, furnish other services, on a reh- 
bursable basis, to the corporation in connection with the 
eablishment and operation of the system. 

(c) the Federal Communications Commission, in its a d m i 5  
tration of the provisions of the Communications Act of 1934,~s 
mended, and as su plemented by this Act, shall- 

(!) insure ekxtive competition, including the use of com- 
petitive bidding where appropriate, in the procurement by 
the corporation and communications common carriers of a - 
paratus, equipment, and services required for the establiisg- 
ment and operation of the communications satellite systam 
and satellite terminal statipns; and the Commission sha!1 
consult with the Small Businem Administration and solicit 
its recommendations on measures and proeedures which will 
insure that small business concerns are given an 
portunity to share in the procurement rogram a%!k?- 
ration for pro erty and services, incluing but not limiteft, 
research, deretpment, construction maintenance and repair. 

(2) insure that all present and iuture authorkd carriers 
shall have nondiscriminatory use of, and equitable &c0899 
to, the communications satellite s stem and satellite terminal 
stations under just and reasona%1, charges, classifications, 
practices, regulations, and other terms and conditions and 
regulate the manner in which available facilities of the sys- 
tem and stations are allocated among such users thereof i 

(3) in any case where the Secretary of State, after obtam- 
in the advice of the Administration as to technical feasi- 
b ik  , has advised that commercial communication to a ar 
tic& foreign point by means of the communications satek6 
system and satellite terminal stations should be established 
in the national interest, institute forthwith appropriate pro- 
ceedings under section 214(d) of the Communications Act of 
1934, as amended, to require the establishment of such com- 
rnun!cation by.the corporation and the appropriate common 
earner or earners; 

(4) insure that facilities of the communications satellite 
s stem and satellite terminal stations are technically compat- 
ihe and interconnected operationally with each other and 
with existing communicstions facilities; 

( 5 )  prescribe such accounting regulations and systems and 
engage in such ratemaking procedures as will insure that any 
economies made possible b a communications satellite system 
are Fppropriately reflwteJin rates for public communication 
services; 
(6) approve technical characteristics of the operational 

communications satellite system to be employed by the cor- 
poration and of the satellite terminal stations; and 

$7) grant appropriate authorizations for the construction 
an ohration of each satellite terminal station, either to the 
corporation or to one or more authorized carriers or to the 
corporation and one or more such carriers 'ointly, as will best 
serve the public interest, convenihce and necessity. In de- 
termining the public interest, convedence and necessity the 
Commission shall authorize the oanstruc&on and operation 
of such stations by communications common carriers or the 

"'p" 8) authorize the corporation to issue any sham of capital 
stock, except the initial issue of capital stock referred to in 
section 3M(a), or to borrow any moneys, or to assume any 

ration, without preference to either; 
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obligation in respect of the muritiea of any other person, 
upon a finding that such issuance, borrowing, or assumption 
is compatible with the public intewt, convenience and neces- 
sity and is necessary or appropriate .for or consktent with 
carrying out the purposes and objectives of this Act by the 
corporation ; 
(9) insure that no substantial additions are made by the 

corporation or carriers with respect to facilities of the system 
or satellite terminal stations unless such additions are re- 
quired by the public interest, convenience, and necessity. 
(10) requirewin accordance with the procedural requi)re- 

ments of section 214 of the Chmmunications Act of 1934, as 
amended, that additions be made b the corporation or car- 
riers with respect to facilities oYthe system or satellite 
terminal stations where such additions would serve the pub- 
lic interest, convenience, and necessity; and 

(11) make rules and regulations to carry out the pro- 
visions of this Act. 

76 STAT. 423. 

TITLE 111-CREATION OF A COMMUNICATIONS 
SATELLITE CORPORATION 

CREATION OF CORPORATION 

SEC. 301. There is hereb authorized to be created a communica- 
tions satellite corporation fyo, rofit which will not be an agency or 
establishment of the United Jtates Government. The corporation 
shall be subject to the provisions of this Act and, to the extent con- 
sistent with this Act, to the District of Columbia Business Corporation 
Act. The right to repeal, alter, or amend this -4ct at any time is 
expressly reserved. 

PROCEBF, OF ORGANIZATION 

Sm. 302. The President of the United States shall appoint incor- 
porators, by and with the advice and consent of the Senate, who shall 
serve as the initial board of directors until the first annual meetin 
of stockholders or until their succassors are elected and qualifiecf 
Such incorporators shall arrange for an initial stock offering and 
take whatever other actions are necessary to establish the corporation, 
including the filing of articles of incorporation, as approved by the 
President. 

DIREOTORB AND OEFICERB 

SEC. 30.7. a) The corporation shall have a board of directors con- 

one shall be elected annual1 by the board to serve as chairman. Three 
menibers of the board shall %e appointed by the President of the United 
States, by and with the advice and consent of the Senate, effective the 
date on which the other members are elected, and for terms of three 
years or until their successors have been ap ointed and qualified, ex- 
cept that the first three members of the Board so appointed shall 
continue in office for terms of one two, and three ears, respeotivel 
and any member so appointed to dl a vacancy shallbe a pointed ong 
for the unexpired term of the director whom he succBB(& Six mem- 
bers of the board shall be elected annually by those st&olders who 
are communications common carriers and six shall be elected annually 
by the other stockholders of the corporation. No stockholder who 
is a communications common carrier and no trustee for such a stock- 
holder shall vote, either directly or indirectly, through the votes of 
subsidiaries or aililiatad companies, nominees, or any persons subject to 

sisting of in 6 ividuals who are citizens of the United States, of whom 
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his direction or control for more than three candidates for member- 
ship on the board. Subject to such limitation, the articles of incor- 
poration to be filed by the incorporators designated under section 
302 shall rovide for cumulative voting ?der section 27(d) of the 
District of Columbia Business Corporation Act (D.C. Code, sec. 
29-911 a)) .  

(b) $he corporation shall have a president, and such other officers 
as ma be named and a pointed by the board, at rates of compensation 
fixed t y  the board, ancfserving at the I m r e  of the board. No in- 
dividual other than a citizen of the Thted States ma be an officer 
of the corporation. No officer of the corporation shall meive any 
salary from any source other than the corporation during the period 
of his employment by the corporation. 

76 STAT. 424. 

FINANCING OF THE CORPORATION 

SEa 304. (a) The corporation is authorized to issue and have out- 
standing, in such amounts ns it shall determine, shares of cnpital stock, 
without par vnlue, which shall carry votin rights and be eligible for 
dividends. The shares of such stock initisly offered shall be sold a t  
a price not in excess of $100 for ench share and in n mnnner to en- 
courage the widest distribution to the American public. Subject to 
the provisions of subsections (b) and (d) of this section, shares of 
stock offered under this subsection may be issued to and held by any 
person. 

(b) 1) For the purposes of this section the term “authorized car- 
rier” S L  all mean a communicntions common carrier which is specifi- 
cally authorized or which is a member of n class of cnrriers authorized 
by the Commission to own shares of stock in the corporntion upon n 
finding that such ownership will be consistent with the public interest, 
convenienm, and necessity. 

(2) Only those communications common carriers which are author- 
ized carriers shall own shares of stock in the corporation at any time, 
and no other communications common carrier shall own shnres either 
directly or indirectly through subsidiaries or affiliated compnnies, 
nominees, or any persons subject to its direction or control. Fifty ger centum of the shares of stock authorized for issuance at any time 
y the corporation shall be lgserved for purchase by nutharized car- 

riers and such cnrriers shall in the ag regate be entitled to make pur- 
chases of the reserved shares in a totafnumber not exceeding the total 
number of the nonreserved shares of any issue purchased by other 
persons. At no time after the initial issue is completed shall the ng- 
gre te of the shares of voting stock of the corporation owned by 
nutgrized carriers directly or indirectly through subsidiaries or 
affiliated companies, nominees, or any persons subject to their direc- 
tion or control exceed 50 per centum of such shares isued and out- 
standin 

(3) ft no time shall any stockholder who is not an authorized 
carrier, or any syndicate or affiliated group of such stockholders, own 
more than 10 per centum of the shares of voting stock of the corpora- 
tion issued and outstanding. 

(c) The corporation is authorized to issue, in addition to the stock 
authorized by s u k t i o n  (a) of this section, nonvoting securities, 
bonds, debentures, and other certificates of indebtedness ns it mny 
determine. Such nonvoting securities, bonds, debentures, or other 
certificates of indebtedness of the corporation as n communications 
common carrier may own shall be eligible for inclusion in the rate 
base of the carrier to the extent allowed by the Commission. The vot- 
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ing stock of the corporation shall not be eligible for inclusion in the 
rate base of the carrier. 

(d) Not more than an ag egate of 20 r centum of the &rea of 
stock of the corporation auxorized by s u L t i o n  (a) of this section 
which are held by holders other than authorized carriers may be held 
by mons of the clams described in paragraphs ( l ) ,  (2), (3), (4), 
anfig) of section 310(a) of the Communications Act of 1934, ne 
amended (47 U.S.C. 310). 

(e) The requirement of section 45(b) of the District of Columbilr 
Business Corporation Act (D.C. Code, sec. 29-WO(b)) as to the 
percentage of stock which a stockholder must hold in order to have 
the rightwof inspection and copying set forth in that subsection shall 
not be applicable in the case of holders of the stock of the corporation, 
and they may exercise such rights without regard to the percentage of 
stock they hold. 

(f) Upon application to the Commission by any authorized carrier. 
and after notice and hearing, the Commission may compel any other 
authorized carrier which owns shares of stock in the corporation to 
transfer to the a plicant, for a fair and reasonable consideration, n 
number of such s f a m  as the Commission determines will advance the 
public interest and the purposes of this -4ct. In  its determination 
with respect to ownership of shares of stock in the corporation, the 
Commission, whenever consistent with the public interest, shall pro- 
mot? the widest possible distribution of stock among the authorized 
carriers. 

PVRPOSE8 AND POWERS OF THE CORPORATlON 

SEC. 305. (a) I n  order to achieve the objectives and to carry out the 
purposes of this Act, the corporation is authorized to- 

(!) plan, initiate, construct, own, manage, and operate itself 
or in conjunction with foreign governments or business entities 
a commercial communications satellite system ; 

(2) furnish, for hire, channels of communication to United 
States communications common carriers and to other authorized 
entities, foreign and domesticj and 

(3) own and operate satellite terminal stations when licensed 
by the Commission under section 201(c) (7). 

(b) Included in the activities authorized to the corporation for 
mcomplishment of the purposes indicated in subseetion (a) of this 
section, nre, amon others not specifically named- 

(1) to confiuct or contract for research and development re- 
lated to its mission; 

(2) to acquire the physical facilities, equipment and devices 
necessary to its operations, including communications satellites 
and associated equipment and facilities, whether by construction, 
purchase, or gift; 

(3) to urchase satellite launching and related services from 
the V n i d  States Government * 

(4) to contract with authoAzed users, including the United 
States Government, for the services of the communications satel- 
lite s stem; and 

(5f to develop plans for the technical specifications of all 
elements of the communications satellite system. 

out the foregoing purposes, the corporation shall 
h k ) t E  :;?powers conferred upon a stock corporation by the 
District of Columbia Business Corporation Act. 
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TTLE IV-MISCELL4NEOUS 

AFTLICABILITX OF COXMSJNICATIONS ACT OF lea4 

SED. 401. The corporation shall be deemed to be a common carrier 
within the meaning of section 3(h) of the Communications Act of 
1934 as amended, and as such shall be full subject to the rovisions 
of title I1 and title I11 of that Act. $he provision of satellite 
terminal station facilities by one communication common carrier to 
one or more other communications common carriers shall be deemed to 
be a common carrier activity full subject to the Communications 
Act. Whenever the a plication o f  the provisions of this Act shall 
be inconsistent with $e application of the provisions of the Com- 
munications Act, the provisions of this -4ct shall govern. 

NOTICE OF FOREIQN BUSINESS NEQOTIATIONS 

SEC. 402. Whenever the corporation shall enter into business nego- 
tiations with respect to facilities, operations, or services authorized 
by this Act with an international or foreign entity, it shall notify 
the De artment of &ate of the negotiations, and the De artment of 
State &all advise the corporation of relevant foreign poyic consid- 
erations. Throughout such negotiations the corporation ,{all keep 
the Department of State informed with respect to such considerations. 
The corporation may request the Department of State to assist in 
the negotiations, and that Department shall render such assistance as 
may be appropriate. 

SANCTIONS 

REFORTS To THE CONQRESR 

Sm. 404. (a) The President shall transmit to the Congress in 
.January of each year a report which shall include a comprehensive 
descri tion of the activities and accomplishments durin the preceding 
calen&r year under the national program referrecfto in section 
ILOl(a) (l), together with an evaluation of such activities and m m -  
plishments in terms of the attainment of the objectives of this Act 
and an recommendations for additional legislative or other action 
which t%e President may consider necessnry or desirable for the attain- 
ment of such objectives. 
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(b) The corporation shall trailsmit to the Preaident and the 
('ongreaq annually and at such other times as it deems desirable, a 
comprehensive and detailed report of its operations, activities, and 
itccom lishments under this Act. 

(c) %he Commission shall transmit to the Congress, annually and 
itt such other times as it deems desirable, (i) a report of its activities 
mid actions on anticompetitive practices as they apply to the coni- 
niuiiications satellite programs; (ii) an evaluation of such activities 
slid actions taken by it within the mpe  of its authority with a view 
to recommending such additional le@ation which the Commission 
may consider nemmry in the public interest ; and (iii) an evaluation 
of the capital structure of the corporation 80 w to assure the Congress 
that. such structure is consistent with the most efficient and economienl 
operation of the corporation. 

Approved August 31, 1962, 9 5 1  a.m. 
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SELECTER HISTORICAL PUBLICATIONS 
AND REPORTS* 

BOOKS 
“Aeronautics and Astronautics : An American Chronology of Science and Technol~gy in 

the Exploration of Space, 1915-1960,” with a Foreword by Dr. Hugh L. Dryden. 
Washington : U.S. Government Printing M c e ,  1961, $1.75. 

“Aeronautical and Astronautical Events of 1961,” with a Foreword by James E. Webb, 
publinhed by the House Committee on Science and Astronautics, June 7, 1962. 

“Astronautical and Aeronautical Events of 1962,’’ with a Foreword by Dr. George L. 
Simpson, Jr., published by the House Oolamittee on Science and Astronautics, June 12, 
1963. Offered for sale by the Supt. of Documents ($1.00). Washington: U.S. Gov- 
ernment Printing Office, $1.00. 

“H~tory of Rocket Technology,” special issue of TechnoZogy a.n& Culture edited by the 
NASA Historian, Fall 1963, containing essays by G. Edward Peadray, Walter R. 
Dornberger, John P. Hagen, Werrnher von Braun, and others. 

HISTORICAL RE‘PORTS 
HHR-Z-”Robert H. Goddard : American Rocket Pioneer,” (July 1960), reprinted as 

“Yesterday’s Dream . . . Today’s Reality,” Airpower €Ii.stor+an (October 
196O)-H. Emme. 

HHR-6-“Historical Origins of NASA,” (Comment Edition issued November 1961), revised 
June 1-E. Emme. 

HHR&‘‘Chronology of Major NASA Launchings, 1958-62,” R. Rosholt. 

*As of December 1062. 



A p p e n d i x  F 

GODDARD SPACE FLIGHT CENTER 
TECHNICAL NOTES AND TECHNICAL REPORTS 

TECHNICAL NOTES* 
D-355-"Some Basic Considerations of Telemetry System Design," by H. J. Peake, 

June 1960 
D456-"Interim Definitive Orbit for the Satellite 1958-Gamma, Explorer 111," by Theory 

and Analysis Staff, June 1980 
D357-"Determination of the Internal Temperature in Satellite 1959 Alpha (Vanguard 

11) ," by V. R. Simas, J. B. Martin, and E. C. Humphrey, June 1960 
D-350"The Vector Field Proton Magnetometer for IGY Satellite Ground Stations," by 

I. R. Shapiro, J. D. Stolarik, and J. P. Heppner, October 1960 
D-359--"Interim Definitive Orbit for the Satellite 1958-Alpha, Explorer I," by Theory 

and Analysis Staff, September 1960 
D-41O-"In~terim Definitive Orbit for the Satellite 1958-Epsilon, Explorer IV," by Thecrry 

and Analysis Staff, September 1960 
D-411--'?nterim Definitive Orbit for the Satellite 1959 Alpha Vanguard-11," by Theory 

and Analysis Staff, September 1960 
D-412-"The Flux and Energy Spectra of the Protons in the Inner Van Allen Belt," by 

J. E. Naugle and D. A. Kniffen, August 1961 
D-413-"Rocket Measurement of a Daytime Electron Density Profile up to 620 Kilometers," 

by 5. E. Jackson and S .  J. Bauer, September 1961 
D+IlQ-"Instrumentation of the Ionosphere Direct Measurements Satellite (Explorer 

(VIII),"  by R. E. Bourdeau, J. L. Donley, and E. 0. Whipple, Jr., April 1962 
D-485--"A Low-Resolution Unchopped Radiometer for Satellites," by R. A. Hanel, Febru- 

ary 1961 
D-486-"Project Vanguard Magnetic-Field Instrumentation and Measurements," by J. P. 

Heppner, J. D. Stolarik, I. R. Shapiro, and J. C. Cain, September 1960 
D-487--"The Solar Wind," by J. R. Herring and A. L. Licht, September 1960 
D-488-"Recent Direct Measurements by Satellites of Cosmic Dust in the Vicinity of the 

D-489-"Determination of Satellite Orbits from Radar Data," by W. F. Cahill and I. Harris, 

D-49O-"The Origin of Tektites," by J. A. O'Keefe, November 1960 
D-491--"Ionospheric Measurements Using Environmental Sampling Techniques," by R. El. 

D-49G"A Moditied Hamen's Theory As Applied to the Motion of Artificial Satellites," by 

D-49L"A Method of Estimating Residuals in Orbital Theory," by M. Lecar, January 1961 
D-494---"Development of the Lunar and Solar Pertubations in the Motion of an Artificial 

D-495--"Vanguard I Satellite Structure and Separation Mechanism," by J. T. Shea and 

D-496-"Vanguard Satellite Spin-Reduction Mechanism," by R. C. Baumann, April 1961 
D-497-Tanguard Satellite Separation Mechanisms," by R. C. Baumann, April 1961 
D49G"Balancing Vanguard Satellites," by A. Simkovich and R. C. Baumann, April 1961 
D-49%-"The Limiting Sizes of the Habitable Planets," by Su-Shu Huang, September 1960 

Earth," by H. E. LaGow and W. M. Alexander, September 1960 

September 1960 

Bourdeau, J. E. Jackson, J. A. Kane, and G. P. Serbu, September 1960 

P. Musen, November 1960 

Satellite," by P. Musen, A. E. Bailie, and E. Upton, January 1961 

R. 0. Baumann, March 1961 

*AB of December 1962. 
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D-50O-"The Dielectric Bolometer, A New Type of Thermal Radiation Detector," by R. A. 

DSOl-"Very Restricted Four-Body Problem," by Su-Shu Huang, September 1960 
D-5OZ-"Some Dynamical Properties of the Natural and Artificial Satellites," by Su-Shu 

Huang, September 1960 
D-50W'Reevaluation of Imospherlc Electron Densities and Collision Frequencies De- 

rived from Rocket Measurements of Refractive Index and Attenuation," by 
J. A. Kane, November 1960 

D-504-"A Thermistor Pressure Gauge," by A. P. Flanick and J. Ainsworth, November 
1960 

D-565-I'The Javelin Spike Antenna ; Radiation Patterns and Voltage Standing-Wave Ra- 
tio," by R. R. Ford, January 1961 

D-566-"Rotational Magnetodynamics and Steering of Space Vehicles," by R. H. Wilson, 
Jr., September 1961 

D-567-"Direct Measurements of Ion Density and Conductivity in the D-Region," by E. C. 
Whipple, Jr., October 1960 

D-568-"Osculating Elements Derived from the Modified Hansen's Theory for the Motion 
of an Artificial Satellite," by A. E. Bailie and R. Bryant, January 1961 

1)-569-''On the Motion of a Satellite in an Asymmetrical Gravitational Field," by P. Musen, 
January 1961 

D-57O-"Results from a Rocket-Borne Langmuir Probe Experiment," by G. P. Serbu, 
July 1961 

D-57l-"Angular Motion of the Spin Axis of the Tiros I Meteorological Satellite Due 
to Magnetic and Gravitational Torqum," by W. R. Bandeen and W. P. Manger, 
April 1961 

D-572-"Analysis of Gravitational and Geometric Aspects of Geodetic Utilization of Satel- 
lites," by W. M. Kaula, March 1961 

D-57W'On the Accuracy of an Elliptical Orbit Determination," by R. F. Weirauch, 
January 1961 

D-665-"The Ion-Trap Results in 'Exploration of the Upper Atmosphere with the Help of 
the Third Soviet Sputnik,"' by E. C. Whipple, Jr., January 1961 

D-666-"Eight-Level Pulse-Height Analyzer for Space Physics Applications," by U. D. 
Desai, R. L. VanAllen, and G. Porreca, January 1961 

D467-"Summary of Rocket and Satellite Observations Related to the Ionosphere," by 
J. 0. Seddon, January 1961 

D-668-"Polyester Film Belts," by J. H. Licht and A. White, May 1961 
D-669-"A Very Low Frequency (VLF) Synchronizhg System," by e. H. Looney, Jr., 

D-67O-"Measurement of Upper-Atmosphere Structure by Means of the Pitot-static Tube," 

D471-"Discussions of Solar Proton Events and Manned Space Flight," by K. A. Ander- 

D-67Z-"A Digital Recording System for Satellite Tracking Data," by T. P. Sifferlen and 

D-f373-''Ultravialet Astronomical Photometry From Rockets," by A. Boggess, 111, June 

D-674-"An Instrument To Measure the Solar Cbntstant From a Satellite," !by R. A. Hanel, 

D-696"Satellite Magnetic Field Mapping," by J. P. Heppner, J. C. Cain, I. R. Shapiro, and 

D-697-"Broad-Band Ultraviolet Filters," by C. B. Childs, April 1961 
D-69O"An Absolute Definition of Phase Shift in the Elastic Scattering of a Particle 

D-69G"A Spectrophotometric Attachment for the Vacuum Ultraviolet," by N. N. Axelrod, 

D-700-"Preliminary Study of Prediction Aspects of Solar Cosmic Ray Events," by K. A. 

D-70l-"Physid Stignificance of the Tiros I1 Radiation Experiment," by R. A. Hanel and 

Hanel, November 1960 

February 1961 

by J. E. Ainsworth, D. F. Fox, and H. E. LaGow, February 1961 

son and 6. E. Fichtel, March 1961 

W. M. Hocking, March 1961 

1962 

April 1961 

J. D. Stolarik, May 1961 

from Compound Systems," by A. Temkin, April 1961 

December 1961 

Anderson, April 1961 

D. Q. Wark, December 1961 
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D-702--"A Geoid and World Geodetic System Based on a Combination of Gravimetric, 

D-703-"Seasonal, Latitudinal and Diurnal Variations in the Upper Atmosphere," by W. 

D-70S"Interaction d a Oharged Satellite With the Ionosphere," by A. H. Davis and 

D-705-"Contributions of Rockets and Satellites to the World Magnetic Survey," by J. P. 

D-7OG"The Arctic Meteorology Photo Probe," by H. E. Evans, R. C. Baumann, and R. J. 

D-'7(M-"Structure and Design Considerations of the Vanguard SLV-5 Magnetic Field 

D-708--"Theory and Design Curves for a YO-YO De-Spin Mechanism for Satellites," by J. 

D-70!3-"Choosing a Suitable Sweep Rate for Sinusoidal Vihration Testing," by N. Granick, 

D-710-"Power Input to a Small Flat Plate from a Diffusely Radiating Sphere with Appli- 

D-l041-"0n the Long Period Luni-Solar Effects in the Motion of the Artificial Satellite,'' 

D-l042-''Density in a Planetary Exosphere," by J. Herring and H. L. Kyle, July 1961 
D-1043-"Sporadic-E As Observed with Rockets," by J. C. Seddon, July 1961 
D-106 ' 'The Development of the Electric Field Meter for the Explorer VI11 Satellite 

D-l046-"Earth Oblateness and Relative Sun Motion Considerations in the Determination 
of an Ideal Orbit for the Nimbus Meteorological Satellite," by W. R. Bandeen, 
July 1961 

D-lMl-"Goddard Space Flight Center Contributions to the 1961 Kyoto Conference on 
Cosmic Rays and the Earth Storm," by F. B. McDonald (ea.), June 1962 

D-l062-''A Digital Solar Aspect Sensor," by J. S. Albus, September 1961 
D-l063-"The Effect of Solar Radiation Pressure on the Motion of an Artificial Satellite," 

by R. W. Bryant, September 1961 
D-l064-"Measurements of Sheath Currents and Equil'ibrium Potential on the Explorer 

VI11 Satellite (1960[)," by R. E. Bourdeau, J. L. Donley, G. P. Serbu, and 
Ill. C. Whipple, Jr., July 1961 

D-l065-"0n the Electron Density Distribution above the F2 Peak," by 5. J. Bauer, July 
1961 

D-l076-"A Digital Command System for Satellites," by F. A. Kierner, Jr., February 1962 
D-l077-"Inibial Investigation of Monopole Antenna Systems for Use on Spherical Metal 

Satellites, by R. R. Ford and L. F. Schmadebeck, February 1962 
D-107fL"Fourier Series Operating Package," by M. L. Charnow, December 1961 
D-lOW-"Ionospheric Results with Sounding Rockets and the Explorer VI11 Satellite 

(1960t) ," by R. E. Bourdeau, August 1961 
D-l08O-"Signal Conditioning for Satellite Borne Energetic-Cdarged-Particle Experiments," 

by G. H. Ludwig, August 1961 
D-l096-"Infrared and Reflected Solar Radiation Measurements from the Tiros I1 Meteor- 

oligical Satellite," by W. R. Bandeen, R. A. Hanel, J. Licht, R. A. Stampfl, and 
W. G. Stroud, November 1961 

D-l097-"Smnning Mechanism for a Satellite Borne X-Ray Spectrometer," by G. L. 
Hempfling, November 1962 

D-l098-"The Simultaneous Measurement of Ionospheric Electron Densities by CW Propa- 
gation and RF Impedance Probe Techniques," by J. A. Kane, J. E. Jackson, 

D-l099--"Earth Reflected Solar Radiation Input to Spherical Satellites," by F. G. Cunning- 

D-llOO-"The Design of Various Types of Air Bearings for Simulating Frictionless En- 

D-l12l-"Sun Tracking by the Minitrack Tracking Stations," by E. J. Habib, J. H. Berbert, 

Astro-Geodetic, and Satellite Data," by W. M. Kaula, May 1961 

Nordberg and W. G. Stroud, April 1961 

I. Harris, September 1961 

Heppner, T. L. Skillman, and J. C. Cain, September 1961 

Andryshak, February 1962 

Satellite," by J. T. Shea, August 1961 

V. Fedor, August 1961 

October 1961 

cation to Earth Satellites," by F. G. Cunningham, July 1961 

by P. Musen, July 1961 

(19605) ," 'by T. W. Flatley and H. E. Evans, April 1962 

\ 
I 

and H. A. Whale, January 1962 

ham, October 1961 

vironments," by K. W. Stark, May 1962 

and D. W. Harris, March 1962 
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D-l122-"Tracking of Cygnus A and Cassiopeia A by the NASA 108-Mc Minitrack Sys- 

D-l123-"Rocket Measurements of the Upper Ionosphere by a Radio Propagation Tech- 

D-l124-''A Comparison of Theory and Observstion of the Echo I Satellite," by R. W. 

D-l125-"The Problem of Nitrogen Peroxide in the Atmospheres of Planets," by Su-Shu 

D-112G"A Development of the Lunar And Solar Diswbing Functions for a Close 

D-l127-"Participation of Bell Telephone Laboratories in Project Echo and Experimental 

D-ll2&"Project Echo-System Calculations," by C. L. Ruthroff and W. C. Jakes, Jr., 

D-l129-"Project Echo-960-Megacycle, 10-Kilowatt Transmitter," by J. P. Schafer and 

D-l130-"Project Echo-Receiving System," by E. A. Ohm, December 1961 
D-l131-''Project Echo-Horn-Reflector Antenna for Space Communication," by A. B. 

D-l132-''Project Ech-The Dual Ghannel 2390-Mc Traveling-Wave Master," by R. W. 
DeGrasse, J. J. Kostelnick, and H. E. D. Scovil, December 1961 

D-l133-''Project EcheStandby Receiver System," by L. U. Kibler, December 1961 
D-113G"Project Echo-FM Demodulators with Negative Feedback," by C. L. Ruthroff, 

D-l135-"Project Echo-Satellite Tracking Radar," by 0. E. De Lange, Novemiber 1961 
D-1136"Project Echo-961-Mc Lower-Sideband Upconverter for Satellite-Tracking 

D-l13'7-"Project Echo-Antenna Steering System," by R. Klahn, J. A. Norton, and J. 

D-l138-"Project Echo-Boresight Cameras for Recording Antenna Pointing Accuracy," 

D-l139-"Solar Protons," by K. W. Ogilvie, July 1962 
D-l14O-"Velocity Modification for Earth Capture of an Astronomical Body in the Solar 

D-l151-"New Investigations of the Alleged Meteorite from Igast, Estonia," by J. A. 
O'Keefe and P. D. Lowman, Jr., December 1961 

D-l152-"The Tiros I1 Radiation Experiment," by R. A. Hanel and W. 6. Stroud, October 
1961 

D-l153-"Star Catalogs on Punched Cards and Magnetic Tape," by J. H. Berbert, December 
1961 

D-l154-"Interplanetary Dust Particles of Micron Size Probably Associated with the 
Leonid Meteor Stream," by W. M. Alexander, C. W. McCracken, and H. E. 
LaGow, December 1961 

tem," by E. J. Habib, J. H. Berbert, and D. W. Harris, March 1962 

nique," by S. J. Bauer and J. E. Jackson, February 1962 

Bryant, December 1961 

Huang, January 1962 

Satellite," by W. M. Kaula, January 1962 

Results," by W. C. Jakes, Jr., December 1961 

November 1961 

R. H. Brandt, October 1961 

Crawford, D. 0. Hogg, and L. E. Hunt, December 1961 

October 1961 

Radar," by M. Uenohara and H. Seidel, December 1961 

A. Githens, September 1961 

by K. L. Warthman, September 1961 

System," by Su-Shu Huang, December 1961 

D-l155-"Celestial Geodesy," by W. M. Kaula, March 1962 
D-l171-"0n the Electron Density Distribution above the F2 Peak (Revised)," by S. J. 

D-1172-"A Time Sharing Switch for Spacecraft Telemetry Systems," by W. A. Leavy, 

D-l173-"The NASA Program for Particles and Fields Research in Space," by G. H. 

D-117G"Direct Measurements of Interplanetary Dust Particles in the Vicinity of Earth," 

D-l175--"The Structure of the Explorer X Magnetometer Space Probe," by E. D. Angulo, 

D-1176"The Thermoelectric Power of Semiconductors," by F. E. Geiger, Jr., May 1962 
D-1177-"Computational Procedure for Vinti's Theory of an Accurate Intermediary Orbit," 

D-l17f3-"Analysis of the 'Range and Range Rate' Tracking System," by F. 0. Vonbun, 

Bauer, January 1962 

March 1962 

Ludwig, April 1962 

by C. W. McCracken, W. M. Alexander, and M. Dubin, December 1961 

and R. K. Browning, April 1962 

by N. L. Bonavito, March 1962 

January 1962 
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D-l179-"Long Period Effects of the Ellipticity of the Earth's Equator on the Motion of 

D-118e"Cerarnic Vacuum Ultraviolet lon Chambers," by A. K. Stober, March 1962 
D-l29G"An Addition to the Yale Tables for the Development of the Disturbing Function," 

D-l29l-''Solar Proton Impact Zones," by T. Kelsall, June 1962 
D-l292?-"A Pulsed Frequency Modulation Decommutator," by H. H. Levy, A. M. Demmerle, 

and J. L. Tinsley, June 1962 
D-l293-"Telemetering Infrared Data from the Tiros Meteorological Satellites," by J. F. 

Davis, R. A. Hanel, R. A. Stampfl, M. G. Strange, and M. R. Townsend, 
August 1962 

D-l294-"Acoustic Phenomena Observed on Rocket-Borne High Altitude Explosions," by 
W. Nordberg, June 1962 

D-l-''The Earth's Free Oscillations," by G. J. F. MacDonald, June 1962 
D-l337-"A Tunnel-Diode Counter for Satellite Applications," by E. G. Bush, June 1962 
D-l338-''Preliminary Results of Radiation Measurements from the Tiros I11 Meteoro- 

logical Satellite," by W. Nordberg, W. R. Bandeen, B. J. Conrath, V. G. 

D-l339-"Bearings for Vacuum Operational-Retainer Material and Design," by H. E. 

D-134G"Scientific Satellites and the Space Environment," by J. C. New, June 1962 
D-l341-"Earth Scan Analog Signal Relationships in the Tiros Radiation Experiment 

and Their Application to the Problem of Horizon Sensing," by B. J. Csonrath, 

D-134L"The Composition of Gases in a Tektite Bubble," by J. A. O'Keefe, K. L. Dunning, 

D-l343--"Monadiabatic Theory of Electron-Hydrogen Scattering," by A. Temkin, July 

D-l345-"A Correlation Function Definition of Spectral Resolution," by S. 0. Kastner, 

D-134V'Experimental Evidence for the Presence of Helium Ions in the Upper Atmos- 
phere Based on Explorer VI11 Satellite Data," by R. E. Boudeau, E. C. Whipple, 
Jr., J. L. Donley, and S. J. Bauer, July 1962 

D-l347-"Calculation of the Eclipse Factor for Elliptical Satellite Orbits," by F. G. Cun- 
ningheim, June 1962 

D-l348---"Spacecraft Information Systems," by G. H. Ludwig, October 1962 
D-l34!9-"The Distribution of Small Interplanetary Dust Particles in the Vicinity of the 

Earth," by C. W. Mdracken and W. M. Alexander, July 1962 
D-135G"Computation of the Perturbations of Nearly Circular Orbits, Using a Non- 

Singular Set of Vectorial Elements," by P. Musen, August 1962 
D-l413--"A Preliminary Study of the Orbits of Merit for Moon Probes," by Su-Shu Huang, 

July 1962 
D-141G''A Stellar Model of Mixed Opacity and its Variations with the Mass, Chemical 

Composition, Opacity Coefficients, and Energy-Generation Coefficient," by 
8u-Shu Huang, July 1962. 

D-1415-"Calculation of Ephemerides from Initial Values," by K. Stumpff, December 1962 
D-1418-"Measurements of the Geomagnetic Field by the Vanguard 111 Satellite," by 

J. C. Cain, I. R. Shapiro, J. D. Stolarik, and J. P. Heppner, October I962 
D-1419-"A Phase-Locked Phase Filter for the Minitrack System," by R. F. Woodman, 

September 1962 
D-l420-''A Method of Accurately Reducing the Spin Rate of a Rotating Spacecraft," by 

H. J. Cornille, Jr., October 1962. 
D-l421-''Pulse Frequency Modulation," by R. W. Rochelle, October 1962 
D-1443-"Time-Dependent Structure of the Upper Atmosphere," by I. Harris and W. 

Priester, July 1962 
D-l444-"Theoretical Models for the Solar-Cycle Variation of the Upper Atmosphere, 

,by I. Harris and W. Priester, August 1962 
D-144S"Differential Correction for Vinti's Accurate Intermediary Orbit," by M. L. 

Bonavito, December 1962 

Artificial Satellites," by P. Musen, May 1962 

by L. Carpenter, March 1962 

Kunde, and I. Persano, May 1962 

Evans and T. W. Flatley, May 1962 

June 1962 

and R. D. Lowman, Jr., July 1962 

1962 

W. A. White, J. K. Coulter, and W. E. Behring, June 1962 
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D-l447-"The Magnetic Field of a Model Radiation Belt Numerically Computed," by 

D-l44&"Correction for Atmospheric Refraction at the NASA Minitrack Stations," by 

D-145G"The Orbiting Geophysical Observatory, New Tool for Space Research," by 

D-l451-"Application of the Modularization Concept to Satellite Tape Recorders," by 

D-l452-"Reliability and Redundancy Considerations in Selecting Spacecraft Batteries," 

D-l463-"Radiornetric Measurements from Satellites," by R. A. Hanel, October 1962 
D-146h''A Double Gamma-Ray Spectzometer To Search for Positrons in Space," by 

T. L. Cline, P. Serlemitsos, and E. W. Hones, Jr., October 1962 
D-14S"The Early Ohronology of the Solar System," by A. G. W. Cameron, August 1962 
D-l466-"So!ar Observations with a Soft X-Ray Spectrometer," by W. M. Neupert and 

D-l467-"0n Scaling Laws for Material Damping," by S. H. Craudall, December 1962 
D-l469-''Rotational Decay of the Satellite 1960 Eta 2 Due to the Earth's Magnetic Field," 

D-l470-"Satellite Motion in the Vicinity of Critical Inclination," by D. Fisher, October 

D-l471--"Tracking Systems, Their Mathematical Models and Their Errors. Part 1- 

Syun-Ichi Akasofu, J. C. Cain, and 5. Chapman, November 1962 

F. 0. Vonbun, August 1962 

G. H. Ludwig and W. E. Scull, August 1962. 

P. T. Cole, H. J. Peake, and C. F. Rice, November 1962 

by J. M. Sherfey and K. Johannsen, October 1962 

W. E. Behring, September 1962 

t>s R. H. Wilson, Jr., October 1962 
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Theory," by F. 0. Vonbun and W. D. Kahn, October 1962 

TECHNICAL REPORTS 
%131-"Final Report on the Tiros I Meteorological Satellite System," by E. A. Neil and 

R-l36---"A Study of the Free Oscillations of the Earth," by G. J. F. MacDonald and N. F. 

R141-''0n the Heating of the Polar Cpper Atmosphere," by K. Maeda, 1962 
R-l44-"The Evolution of Massive Stars, Part 111. Hydrogen Exhaustion Through the 

R-l47-"~mputation o€ Satellite Orbits by the Hansen Method As Modified by Musen," 

L. 3. Allison (ea.), 1962 

Ness, 1962 
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BIBLIOGRAPHY BEARING ON GODDARD SPACE FLIGHT 
CENTER PROGRAMS 



INTRODUCTION 
This is a list of selected publications and releases of the National Aero- 

nautics and Space Administration issued during the three years following 
the Agency’s establislzment in October 1958. Section I contains NASA Tech- 
nical Notes, Technical Reports, and Technical Translations, and other 
technical articles having NASA sponsorship. Smtion I1 contains selected 
NASA releases, speeches, and general inforniation and educatioid publications. 
Section I11 contains Congressional documents relating to NASA activities. 
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AVAILABILITY OF PUBLICATIONS LISTED 
SECTION I 

NASA Technical Notes and Technical Translations may be purchased 
from the Office of Technical Services (OTS), U.S. Department of Commerce, 
Washington, D.C., 20236. NASA Technical Reports may be purchased from 
the Superintendent of Documents, U.S. Government Printing Office (GPO), 
Washington, D.C., 20402. Other documents, except articles published in tech- 
nical journals, may be Gbtained from the National Aeronautics and Space 
Administration, Office of Scientific and Technical Information, Code AFSS- 
AD, Washington, D.C., 20546, or from the organization listed. 

Organizations requiring items for government-sponsored programs may 
obtain copies, within the limitation of the supply available, from the NASA 
Office of Scientific and Technical Information. 

SECTION I I  
The speeches and releases listed are available from NASA, Office of 

Scientific and Technical Information, Code AFSS-AD, Washington, D.C., 
20546. The inf ormationd and educational publications listed are available 
from NASA, Office of Educational Programs and Services, Code AFE, 
Washington, D.C., 20546. 

SECTION 111 

Congressional documents listed may be purchased from the Photoduplica- 
tion Service, Library of Congress, washington, D.C., 20540. Those marked 
with an asterisk are also available at the many libraries in the United States 
that are utilized by the U.S. Government Printing Office as depository li- 
braries. Those documents listed with a GPO price are currently available 
from the Superintendent of Documents, U.S. Government Printing Office, 
Washington, D.C., 20402. 
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Sec t ion1  I 

NASA TECHNICAL PUBLICATIONS 

SPACECRAFT 
NASA TN D-115 : “Predicted Characteristics d an Inflatable Aluminized-Plastic Spherical 

Earth Satellite with Regard to Temperature, Visibility, Reflection of Radar Waves, 
and Proteation from Ultraviolet Radiation,” by G. P. Wood and A. F. Garter, October 
1959, OTS price $0.75. 

NASA TN -174: “Reflection Characteristic8 of Artificial Satellites Constructed in the 
Form of Inflated Polyhedrons,” by A. R. Sinclair, December 1959, OTS price $0.50. 

NASA TN D-219: “A Three-Stage Solid-Fuel Sounding Rocket System Suitable for 
Research at Altitudes Near 200 Nautical Miles,” by W’. L. Dickens and B. C.  Hastings, 
Jr., December 1959, OTS price $0.75. 

NASA TN D-497 : “Vanguard Satellite Separation Mechanisms,” by R. C. Baumann, April 
1961, OTS price $0.50. 

NASA TN D498 : “Balancing Vanguard Satelliteti,” by A. Simkovich and R. C. Baumann, 
April 1961, OTS price $0.75. 

NASA TN D-601: “Artificial Earth Satellites and Suceewful Solar Probes 19-57-1960,’’ by 
W. H. Stafford and R. M. Croft, March 1961, OTS price $8.00. 

NASA TN D-692: ‘<A Design Study of the Inflated Sphere Landing Vehicle, Including the 
Landing Performance and the Effects of Deviations from Design Conditions,” by E. D. 
Martin, April 1961, OTS price $2.25. 

NASA TN D-695: “The Ionosphere Beacon Satellite, S-45,” by M. J. Aucremanne (com- 
piler), January 1961, OTS price $1.00. 

NASA TN D-783: “A Preliminary Study of the Solar-Probe Mission,” by D. W. Dugan, 
April 1961, OTS price $1.50. 

NASA MEMO 5-25-59W, Volumes 1, 2, and 3 : “1958 NASA/USAF Space Probes (Able-1) 
Final Report,” Vol. 1-“Summary” ; Vol. &‘Payload and Experiments” ; Vol 3- 
“Vehicles, Trajectories, and Flight Histories” ; Vol. &“Characteristics of the Able-1 
Engines” ; Space Technology Laboratories, Inc., June 1959. 

NASA TT F-8 : “Artificial Earth Satellites” No. 3, 1959, April 1960, OTS price $0.50. 
NASA TT F-10: “The Libration of a Satellite,” by V. V. Beletskiy, May 1960, OTS price 

“Angular Motion of the Spin Axis of the Tiros I Meteorological Satellite Due to Magnetic 
and Gravitational Torques,” by W. R. Bandeen and W. P. Manger, JaurnaZ of  Qeo- 
pws iml  Research, V. 65, No. 9, September 1960, pp. 2992-2995. 

“Magnetic Field Effects on Artificial Satellites,” by R. H. Wilson, Jr., Sky and TeZescwe, 
V. 20, No. 2, August 1960. 

“Rotational Magnetodynamics and Steering of Space Vehicles,” by R. H. Wilson, Jr., 
International Astronautical Congress, Proceedings, 1960, pp. 525536. 

“Tiros I Spin Stabilization,” by H. Perkei, A s t r m t w s ,  V. 5, No. 6, June 1960, pp. 3839, 
100. 

“Analysis of Inflated Reentry and Space Structures,” by R. W. Leonard, H. G. McComb, 
Jr., G. W. Zender, and W. G. Stroud, Proceedings of the Recovery of Space Vehicles 
Symposium, spowored by the Institute of the Aeronautical Sciences, Los Angeles, 
August 31-September 1,1960. 

“An Darth-Oriented Communication Satellite of the Passive Tgpe,” by W. Gillespie, Jr., 
presented at the 6th National Annual Meeting of the American Astronautical Society, 
New Pork, January 18-21,1960. 

$1.00. 
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“Design Consideratiom for an Orbiting Astronomical Observatory,” by W’. Triplett, pre- 
print for the meeting of the American Rocket Society, LOS Angel- May 9,1960. 

“Instrumentation for a Thermal Radiation Budget Satellite,” by R. J. Parent, H. H. Miller, 
V. E. Suomi, and W .  B. Swift, Proceedings, Nutiowl Etedronics Cmfereme, V .  XV, 
a t  Chicago, October 13,1959. 

“Key Equipment for Tiroa I,” by E. A. Goldberg and V. D. Landon, Astronautics, V. 5, No. 
6, June 1980, pp. 3637,98-99. 

“Orbiting Astronomical Observatories,” by R. R. Ziemer, Astronautics, V. 6, No. 5, May 
1961, pp. 36-37,58,60,62. 

“Project Mercury Current Status and Relation to Future Programs,” by R. R. Gilruth and 
H. K. S t m ,  Aero/Npm Engineering, V. 19, No. 5, May 1960, pp. 16-17, 90. 

“Satellite Astronomical Observatories,” by N. G. Roman, Aero/Spaoe Engineerhg, V. 19, 
No. 5, May 1960, pp. 86-87. 

“Structural Design of Tiros I,” by 0. 43. Osgood, Astronautics, V. 5, No. 6, June 1960, pp. 
42-43, 90, 91. 

“Thermal Design for Tiros,” by M. Ritter, Astronautics, V. 5, No. 6, June 1960, pp. 40-41, 
92, 94, 96. 

“Tiros I-Meteorological Satellite,” by S. Sternberg and W. G. Stroud, Astronautics, V. 5, 
No. 6, June 1960, pp. 32-34,M. 

VEHICLES-GENERAL 
“Prime Missile Headache : Clean Stage Separation,” by K. R. Stehling, Space/Aeronauticr, 

V. 32, No. 2, August 1969, pp. 42-45. 

AERODYNAMICS OF BODIES 
“Re-Entry of Sputnik I Rocket,” by R. Jastrow and I. Harris, Planetary and #pace #oience, 

V. 1, No. 1, January 1959, pp. 37-39. 

PHYSICS AND CHEMISTRY 
“Absolute Definition of Phase Shift in the Elastic Scattering of a Particle from Compound 

Systems,” by A. Temkin, Journal of MathematicaZ Physics, V. 2, No. 3, May-June 
1981, pp. 336-340. 

“Polarization and the Triplet Electron-Hydrogen Scattering Length,” by A. Temkin, 
Physical Review Letters, V. 6, No. 7, April 1961, pp. 354355. 

ELECTRONICS AND INSTRUMENTATION 
NASA TN -355: “Some Basic Considerations of Telemetry System Design,” by H. J. 

Pzake, June 1960, OTS price $0.50. 
NASA TN D-357: “Determination of the Internal Temperature in Satellite 1959 Alpha 

(Vanguard II),” by V. R. Simas, J. B. Martin, and E. C. Humphrey, June 1980, OTS 
price, $0.50. 

NASA TN D-358: “The Vector Field Proton Magnetometer for IGY Satellite Ground 
Stations,” by I. R. Shapiro, J. D. Stolarik, and J. P. Heppner, October 1960, OTS 
price, $0.50. 

NASA TN D491: “Ionoepheric Measurements Using Environmental Sampling Techniques,” 
by R. E. Bourdeau, J. B Jackson, J. A. Kane, and G. P. Serbu, September lM0, OTS 
price $0.50. 

NASA TN D-666 : “Eight-Level Pulse-Height Analyzer for Space Physics Applications,” 
by U. D. Desai, R. L. Van Allen, and G. Porreca, Zanuary 1961, OTS price $0.60. 

NASA TN D-669: “A Very Low Frequency (VLF) Synchronizing System,” by C. H. 
Looney, Jr., February 1981, OTS price $0.50. 

NASA TN D-672: “A Digital Recording Sypitem for Satellite Tracking Data;’ by T. P. 
SifEerlen and W. M. Hocking, May 1961, OTS price $0.75. 

NASA TN D-674: “An Instrument To Measure the Solar Constant From a Satellite,” by 
R. A. Hanel, April 1961, OTS price $0.50. 

NASA TN D-697: ‘‘Broad-Band Ultraviolet Filters,” by C. B. Childs, April 1961, OTS 
price $0.50. 
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NASA TN D-885: “Study of a Solar Sensor for Use in Space-Vehicle Orientation Con- 
trol Systems,” by P. R. Spencer, June 1961, O T S  price $1.00. 

NASA TN D-1035 : “TWO Instruments for Measuring Distributions of h w - n e r g y  
Charged Particles in Space,” by M. Bader, T. B. Fryer, and F. 0. Witteborn, July 
1961, OTS price $1.25. 

NASA TN D-1062,: ,‘A Digital Solar Aspect Sensor,” by J. S. Albus, September 1961, OTS 
price $0.50. 

NASA TN D-1080 : “Signal Conditioning for Satellite Borne Energetic-Charged-Particle 
Experiments,” by G. H. Ludwig, August 1961, OTS price $0.50. 

“A Very-Low-Frequency (VLF) Synchronizing System,” by C. H. Looney, Jr., Proceedings 
of the Institute of Radio Engineers, V. 49, No. 2, February 1961, pp. 448452 (see also 
NASA T N  D-669). 

“Broad-Band Ultraviolet Filters,” by C. B. Childs, Jozcrnal of the Optical Society O f  
America, V. 51, No. 8, August 1961, pp. 895-897 (see also NAB.4 TN Daw). 

“Infrared Imaging from Satellites,” by R. A. Hanel and W. G. Stroud, Journal of the S&Sty 
of Motion Picture and Television Engineers, V. 69, No. 1, .January 1960, pp. 25-26. 

“Instrumentation for Space Magnetic Field Studies,” by J. P. Hewner, presented a t  bhe 
14th Annual Meeting of the American Rocket Society, Washingtm, R’ovember 16-20, 
1959 ; paper ARS 59-1018. 

“Instrumentation for Space Science Research,’’ by J. W. Townsend, Jr., paper IAS 59-1’27, 
Institute of the Aerospace Sciences, 1959. 

“Low Resolution Unchapped Radiometer for Satellites,” by R. 8. Hanel, American Rocket 
Society Journal, V. 31, No. 2, February 1961, pp. 246-250. 

“On the Use of Ionization Gauge Devices a t  Very High Altitudes,” by N. W. Spencer, R. L. 
Boggem, H. E. LaOosw, and R. Horowitz, American Rocket Societg Journal, V. 29, No. 
4, April 1959, pp. 290-294. 

“Performance of an RF Impedance Probe in the Ionosphere,” by J. E. Jackson and J. A. 
Kane, Jourrtal of Geophysical Research, V. 65, No. 7, July 1960, pp. 2209-2ZlO. 

“Project Vanguard Magnetic Field Instrumentation and Measurements,” by J. P. Heppner, 
J. D. Stolarik, I. R. Shapiro, and J. C. Cain, Space Research: Proceedings of the 
First International Space Science Symposium, Nice, France, January 11-16, 1960 ; 
Amsterdam : North-Holland Wblishing Company, 1960, pp. 982-999. 

‘‘Quantum Yield of Gold-Cathode Photo-Multipliers,” by C. B. Childs, Journal of the Optical 
Sooiety of America, V. 51, No. 5, May 1961, pp. 583. 

“Satellite Astronomical Telescopes,” by N. G. Roman, Journal of the Society of Motion 
Picture and Television Engineers, V. 69, No. 1, January 1960, pp. 35-38. 

“Bgnal-to-Noise Considerations for a Space Telemetry System,” by R. W. Rochelle, Pro- 
ceedings of the Institute of  Radio Engineers, V. 48, No. 4, April 1960, pp. 691-693. 

“Space Telemetry Systems,” by W. E. Williams, Jr., Proceedings of the Institute 01 Radio 
Engineers, V. 48, No. 4, April 1960, pp. 686-690 (Space Electronics Issue). 

“Spectrophotometric Attachment for the Vacuum Ultraviolet,” by N. N. Axelrod, Journal 
o f  the Optical Society of America, V. 51, No. 8, August 1961, pp. 898-900. 

‘The Vector Field Proton Magnetometer for IGY Satellite Ground Statim,” by I. R. Sha- 
piro, J. D. Stolarik, and J. P. Heppner, Journal of Geophysical Research, V. 65, No. 3, 
March 1960, pp. 913-920, 

“Use of Satellites in Commercial Communications,” by L. Jaffe, Aero/Space Engineerirur 
V. 20, No. 2, February 1961, pp. 14-15,4748. 

“Vacuum Gauge Calibration System ( loTa to lo* mm Hg) ,” by A. P. Flanick and J. E. Ains- 
worth, Review of Soientiflc Instruments, V. 32, No. 4, April 1961, pp. 408410. 

NAVIGATION AND GUIDANCE 
NASA TR R-89: Trajectory Uontrol for Vehicles Entering the Elarth’s Atmosphere at 

Small Flight-Path Angles,” by J. M. Egglmton and J. W. Young, 1961, GPO price $0.30. 
NASA TN D356: “Interim Defhitive Orbit for the Satellite 195&Garnma, Explorer-111,’’ 

by the Theory and Analysis Staff, Goddard Space Flight Center, June 1960, OTS 
price $6.00. 

NASA TN D-359 : “Interim Definitive Orbit for the Satellite 1958-Alpha, Explorer-I,” 
by the Theory and Analysis Staff, Goddard Space Flight Center, September 1960, 
OTS price $8.00. 
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NASA TN D410 : “Interim Definikive Orbit for the Satellite 1958-Epsilon, Explorer-IV,” 
by the Theory and Analysis Staff, Goddard Space Flight Center, September 1960, OTS 
price $6.00. 

NASA TN D-411: “Interim Dehitive Orbit for the Satellite 1959-Alpha Vanguard-11,’’ 
by the Theory and Analysis Staff, Goddard Space Flight Center, September 1960, 

NASA TN D419 : “Determination of the Required Number of Randomly Spaced Commu- 
nications Satellites,” ’by F. V. Bennett, T. L. Coleman, and J. G. Houbolt, January 
1961, OTS price $0.75. 

NASA TN D-1045: “EarDh Oblateness and Relative Sun Motion Considerations in the 
Determination of an Ideal Orbit for the Nimbus Meteorological Satellite,” by W. R. 
Bandeen, July 1961, OTS price $0.50. 

NASA TT F-11 : ”Optical Observation d Artificial Earth Satellites,” Fdbruary 1961, OTS 
price $1.50. 

“The Doppler Method d Satellite Tracking,” by C. S. &orens, California Institute of Tech- 
nology, Jet Propulsion Laboratory Report 30-2, March 30, 1959. 

“Deepspace Communications. Part %Design Oonsiderations,” by E. Rechtin, Astro- 
nautics, V. 6, No. 5, May 1961, pp. 26, 82, Sa, 86, 87. 

“Determination of Satellite Orbits from Radar Data,” by I. Harris and W. F. Cahill, 
Proceedings of the Institute of Radio Elzgineers, V. 48, KO. 9, September 1960. 

“Determination of Satellite Oflbits from Radio Tracking Data,” by I. Harris, R. Jastmw, 
and W. Cahill, Proceedings of the Institute of Radio Engineers, V. 47, No. 5, May 1959, 
pp. 851454. 

“Observed Solar Pressure Perturbations d E%cho I,” by D. 0. Muhleman, E. H. Hudson, 
D. B. Holdridge, R. L. Carpenter, and IC. C. Ofdund, Boience, V. 132, No. 3438, Novem- 
ber 1960, p. 1487. 

“Optical and Electronic Tracking,” by R. H. Wilson, Jr., Contemporary Geodesy, American 
Geophysical Union of the N a t i m l  Academy of Sciences, National Research Council 
Publication 708,1959, pp. 67-77 ; discussion, pp. 77-78. 

“Perturbations in Perigee Height of Vanguard I,” by P. Musen, R. W. Bryant, and A. E. 
Bailie, Bciercce, V. 131, No. 3404, March 1960, pp. 935-936. 

“Satellite and Space Probe Orbit Determination-Past, Present and Future,” by J. W. Siry, 
Bpace Trajectories, Academic Press, New Pork, 1960, pp. 9-13. 

“Simplified Satellite Prediction from Modified Orbital Elements,” by L. N. Cormier, N. 
Goodwin, and R. K. Squires, IGY Batellite Report, Series No. 7, January 1, 1959, 
pp. 1-54. 

“Solar Effects in the Motion of Vanguard,” by S. P. Wyatt, Nature, V. 184, No. 4683, 
pp. 351452, August 1959. 

“The Drag on a Charged Satellite,” by L. A. Licht, Journal of Geophysical Research, V. 65, 
No. 10, October 1960, p. 3493. 

“The Influence of Gravity on the Angular Motion of an Earth Satellite,” by B. F. Doolin 
and W. C. Triplett, presented at the 6th National Annual Meeting of the American 
Astronautical Society, New Pork, January 18-21, 1960; AAS Preprint 60-34. 

OTS price $3.00. 

H U M A N  FACTORS 

“Manned Space Flight-Present and Future Steps,” by R. R. Gilruth and H. IC. Strass, 

“Space Man VI. Space Machine,” by A. R. Hibbs, Aero/Bpace Ercgineering, V. 20, No. 4, 

SPACE SCIENCE 

NASA TN D487: “The Solar Wind,” by J. R. Herring and A. L. Licht, September 1960, 
OTS price $0.50. 

NASA TN D488: “Recent Direct Measurements by Satellites of Cosmic Dust in the 
Vicinity of the Earth,” by H. E. LaGow and W. M. Alexander, September 1960, OTS 
price $0.50. 

NASA TN D490: “The Origin of Tektites,” by J. A. O’Keefe, November 1960, OTS price 
$0.75. 

Aero/Bpace Ercgineering, V. 19, No. 5, May 1960, pp. 16-17, 90. 

April 1961, pp. 20-21, 59-61. 
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NASA TN D-502: “Some Dynamical Properties of the Natural and Artificial Satellites,” 
by Su-Shu Huang, September 1960, OTS price $0.50. 

NASA TN D-568: “Osculating Elements Derived from the Modified Hansen’s Theory for 
the Motion of an Artificial Satellite,” by A. Bailie and R. Bryant, January 1961, OTS 
price $0.50. 

NASA TN D-700 : “Preliminary Study of Prediction Aspects of Solar Cosmic Ray Events,” 
by K. A. Anderson, April 1961, OTS price $1.00. 

NASA TN D-1041: “On The Long Period Luni-Solar Effect in the Motion of an Artificial 
Satellite,” by P. Musen, July 1961, OTS price $0.50. 

NASA TN D-1063 : “The Effect of Solar Radiation Pressure on the Motion of an  Artificial 
Satellite,” by R. W. Bryant, September 1961, OTS price $0.50. 

NASA TT F-44 : “The Attainability of Heavenly Bodies,” by W. Hohmann, November 1960, 
OTS price $2.50. 

“A Perturbation Method in the Theory of Stellar Structure,” by S. Huang, Astrophysical 
Journal, V. 131, No. 2, March 1960, pp. 452-458. 

“A Probable Natural Satellite: The Meteor Procession of February 9, 1913,” by J. A. 
O’Keefe, Journal of the Royal Astronamical Society of  Canada, V. 53. No. 2, April 1959, 

“Atmosphere Near the Moon,” by S. F. Singer, presented at the 7th National Annual 
Meeting of the American Astronautical Society, Dallas, Texas, January 16-18, 1961. 

“Characteristics of the Extraterrestrial Current System : Explorer VI and Pioneer V,” by 
E. J. Smith, P. J. Coleman, D. L. Judge, and C. P. Sonett, Journal of Geophysical 
Research, V. 65, No. 6, June 1960, pp. 1858-1861. 

“Collected Papers on Planetary and Space Sciences,” edited by G. F. MacDonald, Journal 
of Geophysical Research, V. 65, No. 10, October 1960, pp. 3025-3115. 
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